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- ~ There 1is no available technology for studyiag the 1

results of tactical air-to-air engagements involving more
than 16 aircraft. A computer model based on a central
European NATO-Warsaw Pact conventional conflict was built ]
using FORTRAN 77 and the SLAM simulation language. This

model allows engagements of 144 aircraft. Blue aircraft

operating from CAP patterns defend against Red fighter- !
bombers escorted by Red fighters. Only two types of air- i
craft are modeled: the McDonnell-Douglas F-15 and the MIG-
23/27. The model is empirically based and simulates the |
physical movement of the aircraft, radar and visual detec- :
tion, and employment of radar and heat-seeking air-to-air

missiles and aerial cannon.
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A MODEL TO INVESTIGATE LOSSES AND EXCHANGE RATIOS

IN LARGE-SCALE AIR-TO-AIR ENGAGEMENTS

I. Introduction

In the event of war in Central Europe between the
United States (US) and its North Atlantic Treaty Organiza-
tion (NATO) allies and Russia and the Warsaw Pact (WP),
the western powers would be outnumbered in all conventional
weapon categories. The Warsaw Pact superiority in aircraft
is approximately 3:1 (Ref 4:143). As bad as this number is,
it fails to reflect the actual situation if aircraft are
apportioned by mission, as called for in operational plans,
and then compared. For example, NATO has approximately 100
interceptor/air superiority aircraft in the Central Region.
In one possible scenario, these aircraft could face a total
of 1000 to 1500 fighter-bombers, escorting air superiority
aircraft, and supporting aircraft such as jammers and
reconnaissance platforms. This engagement would take place
over a period of three to five hours, with the attacking
aircraft in one or two waves. This could lead to engage-
ments involving large numbers of aircraft on both sides.
Our knowledge of the outcome of such an engagement is at
best an educated guess, because no actual engagements of
this size involving first-line weapcn systems have taken

1
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place nor does adequate technology exist for investigating

|
|

the outcome by simulation or analytical means. The few

-
i

POy

instances of employment of modern air-to-air weapons served

soa

mainly to confirm the deadlines of current air-to-air

missiles (Ref 12:49).

Ty WIS

laca

This lack of confidence in our knowledge of the out-
come of large engagements has undesirable effects. We

depend on the technological superiority of our aircraft and

-4 W)

weapons and the skill of our pilots to offset the numerical

advantage of the Warsaw Pact. This implies our pilots will

have to prevail against odds as steep as 15:1. If we have
no clear idea of the outcome of such engagements, we can

have little confidence in our force sizing requirements.

As matters currently stand, we have no tools available with
which to investigate this particular situation. Therefore,

the decision was made to attempt a solution to this problem.

Problem Statement

A suitable method for direct investigation of the ]

]

results of large-scale air-to-air engagements does not y
exist. Deleterous effects of this deficiercy are many, X
ranging from low confidence in force sizing decisions to h
T

lack of suitable input for theater and higher level cam- L
paign models. With no suitable investigative tools avail-

? able, analysts and decision makers are forced to rely on in-

-

) 1

H tuition, experience, and extrapolation from small-scale ¥

f' ~ examples.

1
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Research Question

What would be the results of an air-to-air engage-
ment between large numbers of front-line fighters of the
Warsaw Pact and NATO in a Central European scenario?
Specifically: .

1. Are large-scale air-to-air engagements quali-
tatively different from smaller engagements as showun by the
exchange ratios from such engagements?

2. Do the exchange ratios approach those necessary
to prevail against the current Warsaw Pact forces?

3. Bow does the exchange ratio vary as a result of

changing the ratio of aircraft involved?

Objectives

The primary objective of this research is to con-
struct a suitable model with which to investigate these
questions. Major factors in accomplishing this were deci-

sions about which elements of the air-to-air engagement

process to include in the model and at what level of detail.

Every effort was made to remove factors not directly influ-
encing the outcome of the engagement. Factors included in
the model were modeled as simply as possible and aggregated

as much as possible. The desired outcome of this process

was a model which preserved the interactions relevant to the

outcome of the engagement and which also ran economically

— L
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enough on the computer to allow extensive investigation of

the research questions.

Scope

This research {P aimed solely at the air-to-air

engagement portion of a conflict involving first-line

Scviet fighter-bombers escorted by first-line Soviet
fighters being engaged by first-linc US air superiority air-
craft. Outside activities which affected the conduct of the
engagement were modeled to the extent necessary to capture
any influence on the outcome of the engagement. The engage-
ments essentially took place in a vacuum, with the results
determined only by the actions of the participants. How-
ever, their freedom to maneuver was not restricted in any

way other than limitations imposed by physical constraints.

Assumptions and Limitations

Only two types of aircraft are represented in this
model. The US/NATO air superiority aircraft ("Blue" fighter)
has. the characteristics and performance of the F-15. The
Russian/Warsaw Pact ("Red" fighter) fighter-bombers and
escorting fighters are represented by the MIG-27 and MIG-23,
which are essentially the same aircraft in two different
configurations, one with air-to-surface weapons and the
other with air-to-air missiles. This was deemed appropriate
for two reasons. First, these aircraft are the most

advanced aircraft on either side in their assigned roles.
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Therefore, this provides a worst-case situation for both
sides, in that they always do better if confronted with
any other aircraft. Secondly, other aircraft which might
be included are assigned other missions by their opera-
tional plans. This refers specifically to the F-16 which
has ground attack as its primary role in this scenario.
The decision to include only these aircraft was felt to be
necessary to keep the model to a workable size. The number
of aircraft of both types was arbitrarily set at 24 Blue
and 120 Red. These numbers are sufficient to give the
desired engagement sizes and force ratios.

Other limitations include the lack of any provision

for Electronic Countermeasures (ECM), communications jam-

ming, or weather effects such as restrictions to visibility.

All engagements occur during daylight and in clear weatber.
Terrain and earth curvature are not modeled. The engage-
ment is three dimensional over a flat surface. Boundaries
are not explicitly defined. Action is constrained only by
the location of the ground targets, airbases, Combat Air
Patrol (CAP) points, aircraft limitations, and the assigned
aircraft missions.

Radar search is modeled at an aggregated level.
Targets within the limits of an airborne aircraft's radar
search pattern are tested against a simple probability of

detection function based on range, target size, and radar

L]
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type. Visual detection likewise is aggregated and based on
range, target size, relative position, and aspect.

Weapon probability of kill 1is also based on com-
parison with a random draw. This includes all effects such
as reliabilicty of the qissile and warhead effects. No par-
tial damage is allowed. The result of weapon employment is
either complete survival or kill. This simplifying assump-
tion is based on the fact that no method exists for quanti-
fying degradation of system operation following damage by
warheads or bullets. Also, an aircraft damaged by air-to-
air missiles or gunfire would in all probability return to
base and be lost to the engagement. This 1is also con-
sistent with the research objective of investigating losses
and exchange ratios on an engagement basis. This assumption
was used in the AMRAAM QUE and is used in the PACAM model.

Systems reliability is assumed to be 100 percent
unless explicitly modeled otherwise. That is, all systems
are assumed to operate in their designed manner. Communica-
tions are assumed to be 100 percent effective where employed.
Resources such as air bases and ground targets are merely
reference points and have no bearing on the outcome of the

model. Ground defenses are not included in this model.

Structural Model

Action takes place in the three-dimensional volume

over a flat surface. There are no explicit limits to this

P Y

Lo s g

debhdo b

] prov DuTRrre

Al A




- RROAMMY SR
. T -

- 'g o

~

surface or volume. Position and motion are recorded in
terms of a right-hand orthogonal set of axes, oriented so

' and "down" directions

that motion in the "north," "east,'
is positive. Viewed from above, angular motion in a counter-
clockwise direction is ,positive, as is angular motion toward
the "ground" (see Figure 1).

Red aircraft depart their bases on low-level nagi-
gation and ground attack missions in groups of 20 to 40
aircraft. These fighter-bowmbers may be escorted by any
number of Red fighters (up to the total number of Red air-
craft available). If not detected, they complete a pre-
planned route ;nd return to their base. Blue aircraft may
be stationed in Combat Air Patrol (CAP) patterns, which
are 10 to 12 NM long holding patterns some 20 NM east of
the Blue base. The CAP altitude 1is 20,000 feet and any
number of flights may be placed in the CAPs. Blue aircraft
may also be launched from their base to any desired point.

In all cases, Blue aircraft maintain radar and
visual search, and, 1f they detect Red aircraft within their
areas of responsibility, they attack them using tactics
based on the two-aircraft element as the basic fighting
unit. Red fighter-bombers generally maintain their forma-
tion and course. The exceptions are self-defense in
response to an attack on an individual aircraft and missile
shots of opportunity which can be taken without breaking

formation. These would normally occur when a Blue fighter
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1 (’ blundered into a fighter-bomber formation during an attack.
s Escorting Red fighters rely on four-ship tactics which 4
attempt to bring an opponent under attack from different “
directions at the same time, enhancing probabilities of an
unobserved shot. .

For all aircraft, fuel is explicitly modeled and | H
upon reaching predetermined low fuel state ("Bingo"), the

aircraft will attempt to disengage and go home. Aircraft

Ty
[

gw, Tty
- W o P}
‘. P R
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can be lost to fuel starvation.

Operating within this framework, Red forces mount

— b B i

offensive missions and Blue forces respond when Red comes

within predefined areas of responsibility. Blue aircraft

b e am e

maintain their orbits and if they detect Red aircraft they
( attack them. If no Red targets appear, the Blue fighters
would stay in their assigned area until reaching low fuel

state and return home.

.i' Summary :
E; This chapter gave an introduction to the problem E
e and laid out the research to be conducted. The structural ﬁ

model was presented and its operation described. Subse- i
1 quent chapters will expand the various elements of the —
?! problem, the simulation model, and the results of the H

research.

Y™ S A
o b




Mhant vty v ey
P i At Bt Lt
P . o 00T . .

MEMEMEM L fasdat ey

II1. The Model

Problem Structure

The area of thé world most likely to produce the
type of engagement postulated in the problem statement is
the central region of Western Europe, which for US and NATO
defense purposes comprises the center third of West Germany.
The ge6p011t1c31 characteristics of that region were used
in forming the broad outlines of the structural model. The
characteristics of the aircraft used in the model, as men-
tioned earlier, were based on the F-15 and the MIG-23/27.
The performance characteristics of these aircraft and their

associated avionics and weapons systems are also incorpo-

rated into the model. The tactics used by both sides were

designed to take advantage of the strengths of the weapons
system and exploit any weaknesses in the opponent. The
command and control structure of each side evolved from
radically different philosophies, the Soviet/Warsaw Pact
system being highly directive in nature and centralized,
while the NATO version functions more as an allocation sys-
tem. All these areas are felt to be of major importance in

the model and are discussed more fully in this chapter.
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Representative Environment:
Western Europe

Western Europe is the only location where ihe us
and Russia directly confront each other with large conven-
tional forces. Both countries have declared that vital
national interests are.at stake there, so it appears that
.the greatest change of a large-scale conflict is also there
This 1s not to disparage the possibility of such a confron-
tation elsewhere and any conclusions drawn from study of
such a scenario should be applicable to other situations
where similar forces are engaged. Due to the concentration
of forces, however, Western Europe appears to represent a
"worst case" scemario and as such was used as the basis for
this study.

The Warsaw Pact situation is very simple and quite
imposing. Numerous airfields are located in East Germany
and Czechoslovakia, the countries facing NATO's Central
Region, starting very close to the border and continuing
eastward. There are numerous satellite fields, dispersal
bases, prepared forward operating locations, and other such
sites which give the Warsaw Pact the ability to disperse
assets and also move in reinforcements from rear areas,
thus bringing their considerable numerical superiority to
b;ar on NATO. These aircraft are supported by one of the
most dense radar surveillance nets in existence and con-

trolled by a corresponding communications net. The

11
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overlapping and redundant radar coverage gives the direc-

‘
!
A . - .

tors of the Warsaw Pact air forces a clear picture of what
is happening in the air far across West Germany. This

system 1s the basis for assuming reasonable command and

’
control will be available to the Warsaw Pact air forces, '
even on attacks deep into NATO territory. For 1instance,
aircraft overhead US bases near the Luxembourg-West German =

border will be clearly visible on radar if they are above

10,000 feet altitude. This is approximately 100 nautical

miles (NM) from the nearest Warsaw Pact radar.

NATO and uS forces, on the other hand, are hemmed
in by geography. West Germany is only 100 NM wide through
much of the Central Region, with many lucrative targets
located much closef to the border. This means decreased

warning times and time for interception of hostile forces

once they enter NATO airspace. To complicate matters fur-

ther, NATO's tactical radar net is not nearly as exten-
sive as the Warsaw Pact's, which leaves it vulnerable to ]

being destroyed or badly degraded by a few strikes. There- M

fore, NATO's battle management information and consequent

command and control may suffer.

NATO allocates the aircraft under its control to ]

Ty TR
1 SR
acasxavh -~

various missions. These missions and allocations are based
on an assessment of the shape an attack by Warsaw Pact

forces would take. Thus, a total of some 11,000 tactical

JRA\ IOV

aircraft available on both sides would not mean an air

12
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( battle with this number of aircraft, because the aircraft
EG will be flying different missions. For instance, in NATO, ]
the 75 F-15s8 at Bitburg Air Base have almost sole respon- ‘
ifj sibility for air superiority in the central region. Other 3
ﬁl tactical aircraft in the central region are primarily ' 4
assigned ground attack or interdiction missions in support
of ground forces and their contribution to the air superi-

ority effort would be incidental.
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On the other side, most NATO plans presuppose a

AR T d
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massive Warsaw Pact interdiction effort against selected

i Beadec Aol

classes of targets inside West Germany along with sorties

flown in support of ground forces. Most estimates call for

1500 to 2500 aircraft to attack in two waves, the first
( punching corridors in the NATO surface-to-air (SAM) defenses
and the second fanning out to attack airfields, munitions

storage, command posts, and similar militarily lucrative

targets. Thus it can be seen that engagements or series of
engagements involving over 1000 tactical aircraft in the

space of some two hours might be a very real possibility.

Al i

Actual engagements would probably be smaller but would still

involve over 100 aircraft. This was the actual setting from

which the research problem was structured.

Aircraft Performance and
¢ Characteristics

Only two types of aircraft, one on the NATO side {

and one from the Warsaw Pact, are used. The NATO aircraft

13 ]




congidered is the F-15, because it bears the brunt of the
defensive air-to-air mission for NATO in the Central
Region. The Warsaw Pact aircraft is the MIG-23 Flogger
and‘its ground attack variant the MIG-27. The major dif-
ference between the MIG-23 and MIG-27 is the lack of air-
to-air radar in the MIG-27, engine inlet geometry which
limits the MIG-27 to a lower top speed, and the weapons
carried by each aircraft.

Before describing the performance of each aircraft,
it is necessary to understand which measures of performance
are important in an aerial engagement of this type. Air-
craft performance is important, but it cannot be looked at
in isolation from such factors as weapon capabilities and
command and control structure. The most common criterion
is airspeed, and a certain amount of airspeed is desirable.
However, results from Southeast Asia and the Middle East
suggest that most engagements take place at speeds less
than the speed of sound, althoﬁgh aircraft may enter the
engagement at higher speeds. Higher airspeeds, particularly
above the speed of sound, mean reduced maneuverability,
because turn rate and radius are functions of true airspeed
and the force supplied by the flight controls. The amount
of force available 1is limited at higher speeds by what the
structure of the aircraft can withstand, so the greater the
speed, the slower the turn rate and the larger the radius

of turn. This maneuverability is important, because to
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shoot down another aircraft it is necessary to point your
aircraft at him or in his near vicinity, depending on the
weapon being employed. This either brings the target air-
craft into a missile's field of view or gives the shooter
the proper lead angle for a gun shot. As the range between
two aircraft decreases, angular rates of motion between them
increase for given airspeeds. Thus, the ability to turn
the aircraft in effect becomes the ability to employ beapons
in a maneuvering environment.

Maneuvering capability in turn is tied to the power
available, generally described by thrust-to-weight ratio
or pounds of thrust per pound of aircraft weight. When an
aircraft turns, it creates additional aerodynamic drag.
If it does not have enough power available to compensate
for this additional drag, it loses airspeed, which means
less maneuvering capability and greater vulnerability to
other fighters. This points out another valuable perform-
ance characteristic: acceleration, or the ability to gain
or lose airspeed quickly. It may be advantageous to run
into an engagement at a high speed for surprise and to cut
down reaction time for the opponent. Once in the engage-
ment it may be necessary to slow down to make a quick, tight
turn to employ weapons. After doing this it is necessary
to regain airspeed quickly tuy have maneuvering potential
or separate from the engagement and avoid being a '"sitting

duck"”" caught at low airspeed. A high thrust-to-weight ratio
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also provides acceleration capability. Modern air superi-
ority fighters generally have thrust-to-weight ratios of
.9 to 1.1 or better. For comparison, Korean War jets had
thrust-to-weight ratios of 0.5 to 0.6 and Southeast Asia

fighters 0.6 to 0.8.

Of course, the maneuverability must be balanced
against other requirements. To destroy the opponent he
must be found, which for all air superiority fighters means
radar. A high-performance search radar normally requires a
large antenna. If long range or endurance is required it
also means a large fuel load. These two factors drive up
aircraft size, size means weight, wﬁich requires larger
engines to power it, which means more weight and size,
etc. A balance must be struck among all these factors
based on mission requirements.

With this brief explanation of fighter performance
characteristics in mind, let us compare the two aircraft.

The F-15 1is a large, single seat, twin-engined air
superiority fighter. At combat gross weights 1its thrust-
to-weight ratio varies between 0.9 and 1.1. At best,
maneuvering speed of Mach 0.9 it can sustain turns of 13/
second and achieve instantaneous rates in excess of 20/
second. The pulse doppler radar can detect fighter sized
targets to 45 NM and is practically unaffected by ground
clutter, so that it has the ability to detect targets

"looking down'" at them. The radar search and track limits
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are 60 left and right of and 60 above and below the fuse-
lage center line. It 4is armed with four semi-active radar
guided missiles, four heat-seeking missiles, and a 20 mm
cannon, which fires at 100 rounds per second and has nine
seconds' ammunition available. It carries enough fuel for
approximately 1.0 to 1:5 hours of flight in the scenarios
described in this paper, depending on the amount of maneuver-
ing and high power settings required. The pilot is seated
well up in a bubble canopy, giving excellent visibility in
all quadrants above the wing.

The MIG-23/27 is a medium sized, single seat,
single engine fighter with a thrust-to-weight ratio of 0.8
to 1.0. It can sustain 8 to 10/second turn rates and
achieve 16/second instantaneously. 1Its best maneuvering
speed is also Mach 0.9. The MIG~23 air-to-air fighter's
radar has limits of 45 left‘and right of and 20 above and
below the fuselage center line. The radar has a limited
look-down capability at medium and high altitudes. Search
range 1s about 40 NM on fighter sized targets and tracking
range 1s about 25 NM. It is armed with two large air-to-
air missiles (APEX) which may have either radar or IR
seekers and two to four smaller IR missiles (APHID or ATOLL).
A 23 mm cannon with 6 seconds' ammunition is installed.
The MIG-27 fighter-bomber has no radar and carries boumbs
or air-to-surface munitions instead of missiles, although
two IR missiles may be carried for self defense. Both
airc?aft have restricted visibility aft or the cockpit.

17
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(« The aircraft have an excellent acceleration capability,
ﬂ better than thrust-to-weight figures might indicate,
é because of their clean aerodynamic design. For those
E familiar with US aircraft, the MIG-23/27 are similar in
' : performance to the F-14, or one generation behind the F-15.

3

Weapon Performance and
Characterisctics

The advent of reliable, capable air-to-air missiles
has wrought a revolution in aerial combat. ©No longer must

a pilot close to within hundreds of feet of an adversary

and maneuver his aircraft into a small cone behind him to
enable him to hold his guns on the opponent long enough to
fire sufficient bullets to destroy him. Modern missiles 1

g
( have sufficient maneuverability to deal with most evasive

maneuvers. Radar guided missiles can be launched at ranges
much greater than 10 NM from the target. These missile
capabilities combined with aircraft speeds and long range
radar mean the combat arena has expanded enormously.

Such a radical change also implies that it might

be necessary to reexamine tactics, performance, and pilot
skills to see 1if current versions are all still applicable.

Most radar guided air-to-air missiles in current use are R

g
semi-active. This means they have a radar receiver but no B
i transmitter, and pick up radar signals transmitted by the
: aircraft and reflected from the target. This requires the ,j
fighter to lock on to a single target and remain locked on 3
» (
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to it until the missile impacts in order to provide .
"illumination" for the missile. If the radar lock is lost ;
the missile will go ballistic and not track the target. i
Radar missiles are relatively slow, and times of flight E
for launches from the front quarter, such as would be é

expected at the beginning of an engagement, would be from
20 to 40 seconds. Even though the missile is launched many
miles away, the flight time and the requirement for the
fighter to maintain radar lock, which means the angular
tracking limits of the radar cannot be exceeded, tend to
"drag" the fighter to the target. Typically, the fighter
is only 2 to 3 NM from the target when the missile impacts,
or close enocough to be readily seen by any other aircraft in
the vicinity.

Radar missiles, then, offer the ability to attack
from long range and are unaffected by weather. They are
susceptible to countermeasures such as deceptive jamming.

A properly-timed maneuver of 5 Gs or more by the target
may cause the missile to pass outside the effective war-
head radius. These missiles are all aspect, meaning they
can be launched from any position relative to the target,

but a problem area exists in the beam, or from 70° to 110°

off the target's nose. The missile "sees'" relative velocity,

and in the beam the missile's velocity relative to the
target 1s the same as its velocity relative to the ground.

Therefore, if the missile approaches from the beam and
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ground returns are present in the missile’'s field of view,
as they would be if the missile were above the target, the
missile is likely to transfer lock to the ground and be
lost. This does not occur if the missile approaches from
below the target or ftQP the nose or tail if above the tar~
get. Even with these shortcomings, radar missiles are given
a very high PK, or probability of kill. The US expects
0.75, or three out cf four, of its radar missiles to do the
job (Ref 9). Not as much is known about the Russian APEX
missile, but a PK of 0.4 is not unreasonable (Ref 6).

The greatest change in air-to~air missiles has come
about in heat-seeking infrared (IR) missiles. These missiles
guide on the IR radiation produced by the engines. Until
the recent acquisition of the AIM-9L, these missiles were
limited in employment to a cone roughly 30° to 45° around a
target's tail. The AIM-9L is an all-aspect missile. Its
cooled detector is sensitive enough to track the IR emis-
sions from any relative position. This ability, plus
improved maneuvering capability, make it an extremely lethal
missile (24 hits for 27 launches in the Falkland Islands
War) (Ref 5). Russian missiles do not have this capability
yet and are still restricted to the stern area for launch.

All IR missiles are "launch and leave" or "fire and
forget." The missile is autonomous after launch, tracking
and homing on the target at which it was directed. IR

missiles are typically shorter range and faster than radar

20

PR G Ty W T e DU U Gy i re et dhm - 2 P PRI S

AT T hd

ek A A A




9
4
i
9
1
1
|
*
/
4
L
]
4
o
4

DN A;;AJ

miesiles, with launch ranges being 1 to 3 NM and flight

times of 6 to 12 seconds. IR missiles are subject to

ataa g,

countermeasures such as flares, but the release of these
must be properly timed and the missile's short time of K
!. - flight does not allow much reaction time. Earlier ver- "
sions could be defeated by a hard turn as the missile |

approached intercept, but tests have shown that turns up

~1

to 10 G intensity are not enough to move the all-aspect

- version outside lethal warhead range. For practical pur-

poses the all-aspect IR missile cannot be aerodynamically
outmaneuvered by present aircraft once it is launched

(Ref 11).

Both the F-15 and MIG-23/27 carry an internally
( mounted cannon with a high rate of fire. Effective ranges
with current sights and flight controls in a maneuvering

environment are limited to roughly 2000 feet. A computing

8 gunsight indicates to the pilot where the airplane must be

pointed in order for the bullets to strike the target.

< Once this position 1s achieved the high rate of fire makes
it possible to fire enough rounds in a very short time

(1 to 2 seconds) to achieve a reasonable PK. Probabilities
of kill are highest in the stern where it is possible to )

achieve controlled position and stable tracking, and lowest

SMRAMEMELL ARSIt
b

in the front where closing velocities are highest.

P4
i
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Tactics

Tactics are designed to make use of the capabili-
ties of possessed equipment and exploit known weaknesses in
an opponent. US tactics assume numerical inferiority,
limited to nonexistent -command and control and radar assist-
ance, the two-ship element as the basic fighting unit, and

allow relative freedom to the flight leader to choose tac-

S

tics (Ref 1). The Warsaw Pact strives for tactical numeri-
cal superiority, employs four aircraft as the basic fight-

ing unit, tries to use set-piece tactics, and relies

SRS eenddnduodnnd

heavily on radar and radio guidance (Ref 15).

Each US pilot is expected to make full use of his
aircraft as a weapon system. There is none of the wingman-
leader relationship common in World War II and Korea where
the wing man is solely respor ible for protecting the
leader. There are simply not enough aircraft not to use ,
each to the fullest. The tactics that evolved envision
the element working as a coordinated pair, supporting each

other, and doing as much damage as possible while sur-

S Sed et bl

viving. The pillot expects to detect an opponent at least
30 to 40 NM away, which will allow him to decide the type
tactics he wants to employ and execute the initial inter-
cept and attack as he desires. At longer ranges an alti-
tude offset of 5,000 feet to 10,000 feet is taken above or
below the target. This helps to prevent or delay acquisi- k

tion of the fighter by the target aircraft. It is
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relatively easy to do because target information such as
altitude, airspeed, and heading 1is displayed on the radar
scope. The flight will turn to a course which will reach
the targets as quickly as possible and accelerate to an
airspeed of Mach 0.9 to 1.2 depending on the leader's
preferences and the time available. As the flight closes
within tactical missile range the pilots will attempt to
launch radar missiles at different aircraft to start the
engagement with an advantage. As they close with the tar-
get flight, they attempt to visually pick up other aircraft
and get off IR missile shots and snap gun shots. Most
Russian/Warsaw Pact formations are large and numerous and if
a pilot enters a turning engagement with a single aircraft,
he allows the other aircraft in the flight the opportunity
to maneuver as they please and probably get shots at him.
Therefore, tactics emphasize early shots, causing as much
disruption as possible, keeping airspeed up, and avoiding
getting drawn into the "dogfight'" type engagement. Rather,
it 15 desired to go through the formation to a clear area,
turn around, and reattack if possible. A rule of thumb says
don't turn more than 90° in trying to get a shot at any one
target. These tactics exploit the maneuverability of the
aircraft and the ability of its avionics to give a fairly
clear picture of the situation before entering the engage-

ment.
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Russian tactics, on the other hand, integrate ground

radar guidance to position the four aircraft of a flight so
they can simultaneously launch four radar missiles from the
nose and front quarters and then be in position so that if
the initial missile attack fails, the fighters will be
closing from different parts of the sky and at least one
will have an opportunity to launch a missile no matter what
way the opponent turns. This would negate an adversary's
superior maneuverability. Alternmatively, an element might
attempt to decoy an intercepting fighter by turning off and

" him in front of a second element, making use of

"dragging
the good speed qualities of the MIG-23. This would be aug-
mented by using ground radar for direction and not turning
on the aircraft radar until the last possible moment to
avoid warning the intended target (Ref 15).

One step up from basjic employment tactics, the
defending fighters want to concentrate on fighter-bombers
carrying air-to-surface mﬁnitions and avoid enemy fighters
if possible. The difficulty in this is determining which
is which, particularly on radar. Confronted with a large
number of radar contacts, most pillots will assume the
returns at the lowest altitude are the fighter-bombers and
attack them first if possible. However, in a scenario like
this one a pilot cannot pass up a group of aircraft without
a visual jidentification, so he must attack the nearest or

first group. Defending pilots would continue their attacks
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until out of fuel or weapons. The attacking fighter-bombers
would attempt to reach their target if at all possible. If
directly threatened by an attacking fighter, a fighter-
bomber might jettison his ordnance and turn to meet the
attack, which would then have accomplished its purpose of
disrupting the-fighter-bomber's mission. Escorting fighters
would attempt to intercept defendinyg fighters and prevent
them from attacking the fighter-bombers.

This brief outline describes the actions occurring
at the basic level in a large engagement. Larger engage-
ments are generally composed of bigger numbers of aircraft
attempting to do the same basic thing and using the infor-
mation available to them from visual and radar search and
radio comxmunications from other flight members and agencies
such as ground and airborme radars.

Command, Control, and
Communication

The two sides' approaches to command and control
reflect very different philosophies. The NATO structure
centralizes command but leaves responsibility for execution
of directives and plans at the very lowest level. Quite
often it is the flight leader who is responsible for select-
ing tactics and accomplishing the assigned mission within
the constraints of other operations and ﬁis area of respon-

sibility. The Warsaw Pact, through multiple radar sites

25

N




T W W ee Wy

with overlapping coverage, controls execution down to the
tactical level (Ref 15).

NATO air defense in the Central Region has a cen-
tral command center which gets most of its information from
a few fixed and several mobile radar units and from the
bases where air defense fighters are stationed. The command
center functions mainiy as an allocation filter, assigning
targets to surface-to-air (SAM) sites and airborne fighters.
The command center also orders additional fighter; launched
to replace those returning to base or in response to
increased pressure from enemy fighters. Directions are
passed from the command center through the radar sites to
pilots. The radar controller will give an initial headiug
for an intercept, but as soon as the pilot has radar or
visual contact with the target and can complete the inter-
cept on his own, the controller will stop giving informa-
tion.

When the pilot reports the intercept complete, the
controller will give him a new intercept heading to another
target or order a return to éAP or base, depending on the
situation. This normally works very well, because the
radar in the aircraft is superior to the radar on the
ground for .intercept, although ground radar has much
broader coverage and can form a better overall picture of
the situation. It also makes a virtue of necessity because

there are fewer controllers than aircraft and one
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controller must handle several aircraft. Because there
are a limited number of radar sites, pilots must be capable
of autonomous operation if the sites are knocked out.

The Warsaw Pact, in contrast, has a multiply redun-
dant radar and radio nét which allows commanders on the
ground to direct aerial forces the same way an army com-
mander directs ground troops. Command and control becomes
an offensive weapon, shifting forces to concentrate mass
or take advantage of weaknesses in the defense. Each
fighter unit has its own radar controllers, who in many
cases are squadron pilots. They follow the action on radar
and direct tactical actions. This direction may be as
detailed as when to set switches and launch missiles. This
does not imply that the individual Warsaw Pact pilot is
incapable of action on his own, just that the system is
extremely centralized in all regards.

It should be recognized that these comments apply
only at this time. Systems change and evolve. NATO is
upgrading its radar sites and communications facilities.
Russian cadres are experimenting with "free play" aerial
tactics. The effects of this will be seen in the near

future.

Conceptual Model

An aerial engagement in the above situation would

operate in the following manner. Hostile Red forces,
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located some 140 NM from Blue forces, attack in large num-
bers from several bases and in a variety of formations.
The Blue aerial defensive forces attempt to destroy as
many Red aircraft as they can after Red aircraft enter
their zones of responsibility. They do not have to
destroy all the Red aircraft to be successful. In destroy-
ing some aircraft they may create enough confusion and
panic to cause the rest to abandon their mission and turn
back. The "pilots" of the aircraft operate according to
their mission and information they receive from the sources
normally available to them: radar, visual lookout, and
radio communication.

Blue aircraft have only two missions. They are
launched from their base to CAP patterns where they wait to

detect Red aircraft. Blue aircraft may also be launched

from their base directly to areas of increased Red activity.

If they detect no targets, they will remain in a CAP or
return to base. If they detect targets which meet their
commit criteria, they will attack in elements of two air-
craft. If they reach low fuel state or deplete their
weapons, they attempt to disengage and return to base.

Red aircraft also have two basic missions. The
fighter-bombers fly a preprogrammed navigation route at a
fixed altitude. If they reach their target they deliver
their ordnance and return to base. Fighter-bombers have a

limited self-defense capability but would only take shots
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at Blue aircraft which fly closely enough in front of them
to allow a shot without breaking out of formation. Fighter-
bombers may also react defensively, if they detect an attack,
by turning hard into it and jettison their ordnance for
greater maneuverabilityx. If the aircraft survives the
attack, he will return to base.

Red fighters also fly preprogrammed routes while
searching for Blue fighters. They may escort fighter-
bombers or operate independently. If they detect Blue
fighters, they attempt to engage using standard Warsaw Pact
tactics. If attacked, they attempt to defend themselves
while other members of the flight position for attack.

Upon reaching low fuel state or depleting their weaponmns,
they return to base.

The fundamental premise was that the basic elements
of the process were not very complicated or even very
numerous, as seen above. On the Red side, formations and
tactics tend to be rigidly prescribed, so that whatever
maneuver is selected will be performed in the same manner
and with the same parameters by any flight. There will be
a range of success in execution based on time available to
execute the maneuver, target reactions, and limits imposed
by aircraft performance.

Blue tactics are not prescribed, but through a
process of trial and error certain preferred tactics have

emerged. These emphasize altitude separation between the
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fighters to deny or delay acquisition by the target, alti-
tude separation between the fighters and the targets, and
lateral separation between the fighters, all for the same
reasons. The fighters attempt to "sort" the target forma-
tion on radar to determine target numbers and location, and
pick different targets for radar missile launch so as not
to shoot at the same target. If range to the target permits,
fighters will normally try to offset to a front-quarter
position rather than nose-on. This gives a slightly higher
PK for missiles and a better opportunity to visually pick
up the targets. Pilots hesitate to turn very far to get
shots at targets when attacking large formations because of
t@e possibility of flying in front of a hostile aircraft and
allowing 1t a shot. With the short-range capability
afforded by all-aspect IR missiles, a pilot can follow an
initial radar shot into and through a formation, possibly
getting one or two more shots, and separating to a clear
area where he can turn around and reattack. Defensive air
superiority pilots are primarily interested in attacking
fighter-bombers, as their air-to-surface ordnance will do
the most damage to resources. It is not possible to iden-
tify them on radar, but if a group of targets on the radar
scope represent a formation of hostile aircraft, pilots
normally assume those at the lowest altitude are fighter-
bombers and will attack them initially. Once within visual

range, visual discrimination is sometimes possible.
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However, pilots are not free to attack fighter-bombers and
ignore fighters. Neither can pilots defending an area

pass up radar contacts to attack other contacts at lower
altitude on the assumption the first contacts were fighters.
Thus it can be seen that Blue tactics also boil down to a
fairly small selection of maneuvers, with variations in

the manner and ranges at which they are executed.

Aircraft performance is modeled at an aggregate
level. Aerodynamic response of both aircraft is well enough
documented to proceed by calling for a maneuver and getting
the resultant turn rate, constrained by aircraft structural
limits and airspeed. Airspeed is then adjusted by an
appropriate amount. This occurs once a second, so air-

craft move in one-second straight paths.

Model Development

The Simulation Language for Alternative Modeling
(SLAM) was used in developin'g the model, but it cannot be
called a SLAM model. Only the file structure and time
advance features of SLAM were used, with the model features
coded in FORTRAN 77. The SLAM language was chosen because
the author was familiar with it and using its features
avoided having to code the many "housekeeping'" details of

time advance, file manipulation, and statistical reporting.

31

L

INEFEIRN - VOV

vanns B

&A‘A;."_A "




LIRS
.

S Juk B A
ML A A

'@

...................

The Model
The guiding philosophy in this model was simplicity
wherever possible. If it was not relevant and important

to the outcome, dispense with it. This was considered
necessary to hold codigg and running time to an absolute
minimum. The engagement arena was modeled as a three-
dimensional volume above a flat surface (Figure 1). A
"Blue" airbase and three "Red" airbases are located approxi-

mately 140 NM apart. The dimensions were oriented so that

movements in the '"north," "west," and "down" directions

were positive.‘ This orientation allows headings to be
interpreted in the same manner as in real flight: clockwise
when viewed from above is positive and ranges from 0 to 360
degrees. Pitch is negative above the horizontal and posi-
tive below it. All dimensions are expressed in feet and all
angles in radians. Appendix B explains the mechanization
of each of the features of the model.

Aircraft motion proceeds as turn rate in both hori-
zontal and vertical planes, with turn rate a partial func-
tion of airspeed and limited by aircraft structurai limits.
Aircraft velocity is maintained as a unit vector, with the
magnitude stored separately. Position and velocity are
updated every second. Other information about the aircraft,

such as fuel load and fuel flow, weapons load, and current
activity is also maintained and stored in aircraft files.

(See Appendix A for an explanation of these files.)
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Aircraft are assigned certain missions, such as Combat Air
Patrol (CAP) or low level navigation and ground attack,
through assignment of a mission code which directs them to
the appropriate section of the program. This mission code,
along with an associated activity code, causes the "air-
craft" to perform their "mission" as time is advanced.

Radar detection occurs every five seconds. This

time delay attempts to portray the time lag involved in the

radar painting the returns on the scope and the pilot inter-

preting the returns and making a decision about what to do.
Further, the pilot does not watch the radar scope continu-
ously but divides his attention between it, visual search,
and monitoring aircraft performance. A line of sight is
calculated from the fighter to each airborne target. If
the target is within the angular limits of the radar, it is
put through a range and aspect angle filter and a proba-
bility of detection filter. If it passes all these it is
considered detected and is stored in a temporary array.
After all aircraft have been checked, the closest ten
detected targets are stored in a radar file along with the
total number of threats.

Visual detection occurs in much the same manner.
The target line of sight and elevation angle relative to
the fighter's flight path is calculated and the target is
placed in one of eight sectors, corresponding roughly to

nose, sides, and tail, above or below the wing line, and a
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probability of detection assigned based on sector and
range. A number is drawn from a uniform (0,1) distribu-
tion and compared with the probability of detection. If
detected, the target is placed in a temporary array. When

finished, the ten closest targets are placed in a visual

e A AL mAAA AL SN ASmm &1 & smeoh mm aa s o o

threat file along with the total number of visual threats.
Targets outside 10 NM are ignored in the visual search
routine. The routine schedules 1itself every 3 seconds.

If a target is detected on radar, the fighter will

react according to his assigned mission and the range of
the target. For example, if the fighter is in a CAP pat-
tern, he will engage a target only when it comes within a
certain predefined range. Otherwise it 1is ignored. When

a radar target meets the commit criteria, the fighter's
mission code is changed and he begins an intercept. A
decision is made whether to attack from above or below the
target, if the target's altitude and range allow time to do
this. Otherwise an intercept course is computed and the
fighter is turned toward it. When the fighter is within
tactical missile range, a missile is "launched." The
missile is created at the position of the fighter and given
an appropriate velocity vector. It is filed in a radar or
heat missile file. A heat missile is fired in preference
to a radar missile because it doesn't tie the fighter up

as long. If a radar missile is launched, the fighter must

maintain a radar lockon until the missile arrives at the
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target. When missiles are "launched" the operations flag
associated with the mission code is changed to reflect this.
The missile files are checked and updated on a second-by-
second basis. When a missile reaches its point of closest
approach to the target,, its probability of kill is deter-
mined. For a radar missile, aspect angle and fighter radar
lock-on are checked before computing the probability of kill.
If successful, the target is removed, its mission code is
changed to reflect the method of its destruction, and the
time of kill 1is noted. If the missile does not kill the
target, it is removed at the end of 1ts flight time.

Fighters can also make gun attacks on targets. For
a gun attack, the fighter must be within gun range (based
on target aspect) and must maintain its "nose" on the tar-
get for two seconds. If this is done, a probability of
kill is calculated.

Aircraft fuel is momitored and if the aircraft fall
below a certain state they are routed back to base on a

fuel-saving flight profile.

Summary

The empirical basis for the model was presented
and operation of the various sections explained. Chapter

III will show verification of the operation of these in the

model.
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III. Verification and Validation
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The term verification is used in accordance with

Shannon's writings (Ref 16:29-30). This is the process of
insuring the model performs as the modeler intended. For
this model it was mainly a case of checking the mechanical

operation of the various parts, as explained in the follow-

AR
-

ing paragraphs. Because of the difficulties encountered

in getting the model to work, verification is only par-

'g".‘ YT T

tially complete. The verification print statements were

left in the model to aid future verification efforts.

Radar Search

)

- An aircraft radar searches a volume of space

delimited by its mechanical design and its detection range.

For any given radar, the detection range is mainly a func-

b
S
v tion of a the ratio of the strength of the returned signal
-
éé from the target to the noise or clutter level. The proba-

bility of detection of a target can be represented as a dis-

Lk an 4

tribution based on range (Ref 7:24-32). Because only one

type of aircraft was used on each side, only one distribu-
tion was needed for each radar because target cross-section
remained the same. The probability of detection is based
on the radar characteristics of the target and is a func-

tion of target range. When the radar detection subroutine
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is called, it computes the range and the angular relation-
ship bgtween the velocity vector and the line of sight to
each hostile aircraft for each airborne, radar-equipped
aircraft. If the line of sight 1s within the angular
limits of the radar, the probability of detection for that
range is compared against a uniform (0,1) number drawn from
the SLAM uniform number generator. If the probability of
detection exceeds the random number, the target is con-
sidered detected and filed in a temporary file. The total
number of targets detected and the call signs and ranges

of the total (up to a maximum of ten) closest detected
targets are filed in the aircraft's radar file. The last
three lines in Figure 2 are an example of the Radar Threat
File for Blue 1. Note that the targets are filed in order
of increasing range, with closest target first. The radar
search ignores aircraft which are not airborne. An example
of the radar operation is shown in Figure 2. Recall that
altitudes are negative (X3), angles below the horizon are
positive, and angles above the horizon are negative. (A

full 1isting of the radar operating in all 1its modes 1is in

Appendix B.)

Visual Search

The visual search section operates in the same
manner as the radar section. Every five seconds the range

and the angular relationship of all airborne aircraft
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Blue 1, Mission Code 111, Speed 610.00 fps, Time 74C,00
Position: X(1): 10152160.00 X(2): 10149805.00 X(3): -19732.22
Velocity: X(1): -.8631 X(2): .5044 X(3): .0268
Red 1 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10061952.00 X(2): 10336223.00 X(3): -1500.00

Velocity: X(1): =-.3396 X(2) -.9406 X(3): .0000
Radar range, Blue 1 to Red 1 is 207897.98 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 3.49 degrees.
Azimith limits are: +/- 55.00 degrees. Target azimuth 33.88 degrees.
Probability of Radar Detection is .518. Random number 1is .962.

Red 1 is not detected.
Red 2 Mission Code 118 Speed 700.00 fps, Time 740.00

Position: X(1): 10062428.00 X(2): 10337539.00 X(3): -1700.00
Velocity: X(1): -.3396 X(2): =.9406 X(3): .0000
Radar range, Blue 1 to Red 2 is 208856 .53 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 3.41 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 34.15 degrees.
Probability of Radar Detection is .510. Random number is .231.

Red 2 1is detected.
Red 3 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10062904.00 X(2): 10338855.00 X(3): -1900.00
Velocity: X(1): -.3396 X(2): -.9406 X(3): .0000
Radar range, Blue 1 to Red 3 is 209820.22 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 3.34 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 34.43 degrees.
Probability of Radar Detection is .501. Random number is .126.

Red 3 1is detected.
Red 4 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10063380.00 X(2): 10340171.00 X(3): =-2100.00
Velocity: X(1): -.3396 X(2): -.9406 X(3): .0000
Radar range, Blue 1 to Red 4 1is 210788.98 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 3.26 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 34.70 degrees.
Probability of Radar Detection is .493. Random number is .407.

Red 4 1s detected.
Red 5 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10063856.00 X(2): 10341487.00 X(3): =2300.00
Velocity: X(1): -.3396 X(2): -.9406 X(3): .0000

Fig. 2. Radar Detection
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Radar range, Blue 1 to Red 5 1is 211762.77 feet
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.18 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 34.97 degrees.
Probability of Radar Detection is .485. Random number is .00l.
Red 5 is detected.
Red 6 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10064332.00 X(2): 10342803.00 X(3): =-2500.00
Velocity: X(1): -.3396 X(2): -.9406 X(3): .0000
Radar range, Blue 1 to Red 6 is 212741.48 feet
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.11 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 35.23 degrees.
Probability of Radar Detection is .477. Random number is .709.
Red 6 is not detected.
Red 7 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10064808.00 X(2): 10344119.00 X(3): =-2700.00
Velocity: X(1): =-.3396 X(2): =.9406 X(3): .0000
Radar range, Blue 1 to Red 7 is 213725.06 feet
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.03 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 35.49 degrees.
Probability of Radar Detection is .469. Random number is .013.
Red 7 1is detected.
Red 8 Mission Code 118 Speed 700.00 fps, Time 740.00
Position: X(1): 10065284.00 X(2): 10345435.00 X(3): =~2900.00

Velocity: X(1): -.3396 X(2): -.9406 X(3): .0000
Radar range, Blue 1 to Red 8 is 214713.4% feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 2.96 degrees.
Azimith limits are: +/- 55.00 degrees. Target azimuth 35.76 degrees.
Probability of Radar Detection is .461. Random number is .266.

Red 8 is detected.
Red 9 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 10042000.00 X(2): 10293350.00 X(3): -11408.03
Velocity: X(1): =-.1417 X(2): =-.9899 X(3): .0000
Radar range, Blue 1 to Red 9 is 181134 .44 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 1.10 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 22.20 degrees.
Probability of Radar Detection is .741. Randon number is .148.

Red 9 is detected.

Fig. 2--Continued
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Red 10 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 10042926.00 X(2): 10294530.00 X(3): -11408.03
Velocity: X(1): -.1417 X(2): -.9899 X(3) .0000
Radar range, Blue 1 to Red 10 is 181512.22 feet
Radar detection limits are:
Elevation: Upper =2.00 degrees, Lower 8.00 degrees.
Target elevation is 1.09 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 22.66 degrees.
Probability of Radar Detection is .737. Random number is .467.
Red 10 is detected.
Red 11 Mission Code 114 Speed 850.00 fps, Time 740,00

Position: X(1): 10058612.00 X(2): 10302418.00 X(3): -15309.75
Velocity: X(1): -.1903 X(2): -.9817 X(3): .0000
Radar range, Blue 1 to Red 11 is 179057.30 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is -.12 degrees.

Azimuth limits are: +/- 55.00 degrees. Target azimuth 28.19 degrees.
Probability of Radar Detection is .758. Random number is .712.
Red 11 is detected.
Red 12 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 10068238.00 X(2): 10305123.00 X(3): -15614.13
Velocity: X(1): .5163 X(2): -.8561 X(3): -.0244
Radar range, Blue 1 to Red 12 is 176588.63 feet
Radar detection limits are: .
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevatiom is -.20 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 31.32 degrees.
Probability of Radar Detection is .778. Random number is .687.
Red 12 is detected.
Red 41 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 9923405.00 X(2): 10408910.00 X(3): -13026.68
Velocity: X(1): .1841 X(2): -.9829 X(3): .0000
Radar range, Blue 1 to Red 41 is 345693.56 feet
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is -.42 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 18.26 degrees.
Probability of Radar Detection is .000. Random number is .284.
Red 41 is not detected.
Red 42 Mission Code 114 Speed 850.00 fps, Time 740.00

Position: X(1): 9923903.00 X(2): 10410315.00 X(3): -13026.68
Velocity: X(1): .1841 X(2): -.9829 X(3): .0000
Radar range, Blue 1 to Red 42 is 346427.03 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation 1is -.43 degrees.

Fig. 2--Continued
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Azimuth limits are: +/- 55.00 degrees. Target azimuth 18.47 degrees.
Probability of Radar Detection is .000. Random number is .610.
Red 42 is not detected. ’
Red 43 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 9922310.00 X(2): 10414745.00 X(3): -19337.86
Velocity: X(1): .1841 X(2): -.9829 X(3): .0000
Radar range, Blue 1 to Red' 43 is 350748.31 feet '
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is =-1.47 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 18.76 degrees.
Probability of Radar Detection is .000. Random number is .392.
Red 43 1is not detected.
Red 44 Mission Code 114 Speed 850.00 fps, Time 740.00
Position: X(1): 9923019.00 X(2): 10416160.00 X(3): -19337.86

Velocity: X(1): .1843 X(2): -.9829 X(3) .0000
Radar range, Blue 1 to Red 44 is 351355.59 feet
Radar detection limits are:

Elevation: Upper -2.00 degrees, Lower 8.00 degrees

Target elevation is -1.47 degrees.
Azimuth limits are: +/~ 55.00 degrees. Target azimuth 18.99 degrees.
Probability of Radar Detection is .000. Random number 1s .24,

Red 44 is not detected.

* Radar Threat File

Nthrt Blue(l) = 10 Time: 740.00 Flag = 1, Msn Code = 111

- Threat Call Signs are: 12 11 9 10 2

Threat Ranges are: 176588.63 179057.30 181134.44 181512.22 208856.53

Fig. 2--Continued
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relative to each aircraft are computed. If the target is
within an arbitrary range of 10 NM for a Blue aircraft or

5 NM for a Red aircraft, a probability of detection is
assigned based on the relative position of the target air-
craft. These differeng probabilities of detection are
based on the relative frequency with which the sector is
searched and the difficulty of seeing an aircraft there.
For example, probability of seeing an aircraft behind and
below the aircraft is zero. Probabilities and sector boun-
daries are different for the Red and Blue aircraft because
of differences in construction which limit pilot vision in
Red aircraft and enhance it in Blue. Cutoff ranges are
different because Blue aircraft are almost 50 percent larger
in planform than Red. An example of the visual detection

process is given in Figure 3.

Intercept

The intercept computation 1s critical to an aerial
engagement. If an aircraft is detected on radar at reason-
ably long range (20 to 30 NM), the pilot normally will set
a source which will reach the target in the shortest pos-
sible time, given the initial positions and velocities.
Geometrically, it is a triangulation problem, with the
requirement being to find the angle between the two air-
craft courses which will minimize the time until both air-

craft meet. The model accomplishes this by vector methods
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Blue 1, Mission Code 120, Speed 840.00 fps, Time 890.00

Position: X(1): 10086981.00 X(2): 10240221.00 X(3): -1884.40
Velocity: X(1): =.7347 X(2): 4656 X(3): .4935

Red 3 Mission Code 118 Speed 700.00 fps, Time 890.00
Position: X(1): 10087816.00 X(2): 10238329.00 X(3): -1900.00
Velocity: X(1): .2914 X(2): -.9566 X(3): .0000
Range, Blue 1 to Red 3 is 2068.12 feet

Visual Detection, Red 3 bDears 1left of nose 146 degrees.
He is above the wing line. :

Probability of Visual Detection is .540. Random number is .449.
Red 3 1s detected.

Red 4 Mission Code 118 Speed 700.00 fps, Time 890.00

Position: X(1): 10087408.00 X(2): 10239669.00 X(3): -2100.00
Velocity: X(1): .2914 X(2): -.9566 X(3): .0000
Range, Blue 1 to Red 4 is 730.42 feet

Visual Detection, Red 4 bears left of nose 160 degrees. .
He is above the wing line.

Probability of Visual Detection is .780. Random number is .557.
Red 4 1is detected.

Red 5 Mission Code 118 Speed 700.00 fps, Time 890.00

Position: X(1): 10087000.00 X(2): 10241009.00 X(3): -2300.00
Velocity: X(1): .2914 X(2): -.9566 X(3): .0000
Range, Blue 1 to Red 5 is 891.08 feet

Visual Detection, Red 5 bears left of nose 59 degrees.
He is below the wing line.
Probability of Visual Detection is .878. Random number is ,388.
Red 5 is detected.
Red 6 Mission Code 118 Speed 700.00 fps, Time 890.00
Position: X(1): 10086592.00 X(2): 10242349.00 X(3): -2500.00
Velocity: X(1): .2914 X(2) -.9566 X(3): .0000
Range, Blue 1 to Red 6 is 2249.15 feet
Visual Detection, Red 6 bears 1left of nose 47 degrees.
He is below the wing line.
Probability of Visual Detection is .265. Random number is .043
Red 6 is detected.
Red 7 Mission Code 118 Speed 700.00 fps, Time 890.00
Position: X(1): 10086184.00 X(2): 10243689.00 X(3): -2700.00
Velocity: X(1): .2914 X(2): -.9566 X(3): .0000
Range, Blue 1 to Red 7 is 3650.68 feet
Visual Detection, Red 7 bears 1left of nose &4 degrees.
He is below the wing line.
Probability of Visual Detection is .151. Random number is .184.
Red 7 is not detected.
Red 8 Mission Code 118 Speed 700.00 fps, Time 890.00
Position: X(1): 10085776.00 X(2): 10245029.00 X(3): =2900.00
Velocity: X(1): .2914 X(2): -.9566 X(3) .0000

Fig. 3. Visual Detection
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Range, Blue 1 to Red 8 is 5059.68 feet

Visual Detection, Red 8 bears 1left of nose 43 degrees.
He is below the wing line.

Probability of Visual Detection is .105. Random number is .457.
Red 8 is not detected.

R

* Only the closest visual threat is saved.

Visual Threat: Blue 1, Call Sign is: Red 4, Range is: 730.42 ft.

Blue 1 has tally-ho on Red 4 at Time 891.00

Blue 1 reacting visually to Red 4, Time 891.00 3
Blue 1, gun kill on Red &, Time:  892.00 {

Fig. 3--Continued
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as described in Chapter II.
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Figure 4 shows the positions

and angular relation once the intercept has stabilized, and

the computed intercept point and time.

The fighter's

velocity vector does not precisely match the intercept

vector (Int vec) because the fighter is maintaining his

altitude until within 8 NM of the target.

A complete

sequence of intercept readouts from initial ccntact to

missile launch is in Appendix B.

Target Red 1, altitude 1500.00 ft.

Attack altitude 9500.00 ft.

Blue 1 intercepting Red 1, Range 21.08 NM, Time

Missile Employment Ranges are:
Max Range: 46592.45 ft, Min Range:
Max Range: 20450.34 ft Min Range:
Intercept Calculations: Ftr Blue 1, Tgt Red 1, Intcpt in 84.12 seconds
Ftr Speed 840.00 fps, Tgt Speed 700.00 fps.

Radar Missiles:
Heat Missiles:

Ftr pos:
Vel:
Tgt pos:
Vel:
Ftr LOS:
Int vec:

X(1):
X(1):
X(1):
X(1):
X(1):
X(1l):

10133970.00 X(2): 10185384.
-.6573 X(2): .7537
10070680.00 X(2): 10294609.
.2914 X(2): -.9566
-.5003 X(2): .8634
-6529 X(2): . 7486

Fig. 4. Intercept

Visual Engagement

Normally,

the initial maneuvers are intercepts.

have closed to visual range,

00 X(3):
X(3):

00 X(3)

X(3):
X(3):
X(3):

Attack will be from above.
803.00

12883.56
5129.40

-9653.52
.0000
-1500.00
.0000
.0645
.1154

targets are first detected on radar and

After the aircraft

it is quite common to see the

aircraft which 1is the target of the intercept and possibly

others in the vicinity.

In attacking a formation, pilots

would 1ike to be able 1: launch a radar missile from beyond

visual range and follow it in,

45
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as other aircraft in the formation are visually acquired.
It 1is considered an advantage to get the first kill in an
engagement, as this cuts down the odds and demoralizes the
opponents. In this model pilots look for aircraft which
might be targets and react to aircraft which are attacking
them. (An attacking aircraft is defined as one which is
within 3 NM and has its nose pointed at the aircraft.)

If an aircraft has a radar missile in flight it will ignore
visual sightings unless an aircraft is attacking 1it, 1in
which case it will react to defend itself. The gun and the

IR missile are the primary weapons in the visual engagements.

Weapons Employment

The capability of various aircraft/weapon combina-
tions are well documented, although with less certainty
for Red aircraft. Where doubt existed, Red was assumed to
have the capabilities of a US F~4 Phantom so far as missiles
and radar performance are concerned. When the arbitrarily
defined tactical ranges of the missiles were met, the
missiles were launched. These ranges are based on the rela-
tion of the launching aircraft to the target, being greater
from in front and diminishing toward the stern. The mis-
siles are flown out to the target, using an average constant
velocity, which is not an unrealistic assumption over the
ranges involved. Once the missile reaches the target, a

probability of kill is determined by comparing a random
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number of an arbitrary probability of kill (Pk). For radar
missiles this Pk is based on aspect, being lower in the
beam (side) areas than in the stern or nose quadrants. Red
missiles also have a lower Pk based on technological fac-
tors. Blue IR missileg have a constant Pk from all aspects.
An example of a Blue IR missile shot is seen in Figure 5.
(The same section of the program handles Red IR missile

shot also.) Red IR missiles are effective only in the stern
area, and outside this the Pk is zero. The probabilities
assigned to the missiles are designed to take into account
all the miscellaneous items such as reliability, guidance,
and warhead lethality. Gun shots are given a fairly low Pk
befitting their probable manner of use in this scenario.

In multi-aircraft engagerents such as this it 1s generally
considered too aangerous to take the time to maneuver to
gain a position which would afford a good gun shot, so gun
shots are shots of opportunity, taken in haste and without
time to refine the parameters. In the model, a successful
gun shot requires two seconds of cannon fire, from within a
2500 foot range with the nose on the target aircraft. If

this is achieved the gun shot is considered successful.

Low Level Navigation

The Red fighter bombers fly a predetermined low
level route at an altitude of 1500 feet and an airspeed of

420 knots (700 fps). At each of the waypoints on the route
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Heat missile section, Target is Red 1 Speed 2000.00 fps, Time 843.00
Misgile position: X(1): 10108014.00 X(2): 10228023.00 X(3): -10838.97

Velocity: X(1): -.8796 X(2): 4712 X(3): -.0660
Target position: X(1): 10102130.00 X(2): 10229725.00 X(3): -11241.34

Velocity: X(1): -.4062 X(2): -.9138 X(3): .0000
Previous range: 8066.95, _Current Range: 6138.42, Delta: 1928.5

Heat missile section, Target is Red 1 Speed 2000.00 fps, Time 847.00

Missile position:
Velocity:

Target position:
Velocity:

Previous range:

Heat missile section, Target is Red 1 Speed 2000.00 fps, Time

Missile positiom:
Velocity:

Target position:
Velocity:

Previous range:

X(1): 10100555.00 X(2): 10226463.00 X(3):
X(1): -.9589 X(2): =-.2792 X(3):
X(1): 10100750.00 X(2): 10226617.00 X(3):
X(1): -.4062 X(2): -.9138 X(3):

1076 .38, Current Range: 250.17, Delta:

X(1): 10100091.00 X(2): 10224517.00 X(3):
X(1): -~-.7870 X(2): -.6161 X(3):
X(1): 10100405.00 X(2): 10225840.00 X(3):
X(1): -.4062 X(2): -.9138 X(3):
250.17, Current Range: 1359.85*% Delta:

-11249.13
-.0506
-11241.54
.0000
826.2

848.00
-11224.80
-.0311
=11241.34
.0000
-1109.7

* A negative '"Delta" indicates the missile has passed the target, and
a determination of missile success is made.

Missile passed target, kill determinatiomn:
Pk = ,7500, Random Number = .7442, Target 1is dead.
Red 1 shot down by heatseeker, Time: 848.00

Fig. 5. IR Missile Flyout
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c\ the aircraft turn when within 3,000 feet of the point. The
- ,
t‘ last point is the base and the aircraft lands. This ]
: sequence is shown in Figure 6. .
. CAP Patterns 4 . B
L]

Blue aircraft are initially 4in CAP patterns which

are racetrack shaped, 12 NM long, and flown at 20,000 feet
‘i altitude. Blue aircraft remain there until they detect
» hostile aircraft, are attacked, or reach a low fuel state

and go home. Figures 7a to 7d are printouts of Blue air-

’
g
;
E|

craft in a CAP pattern. These patterns are normally speci-

fied in terms of a geographic point, an inbound heading to

A VAT s 2 e

that point, and a pattern length. It can be seen in the

L-‘

H ( figure that the aircraft conform to the pattern parameters. ;
s {
? Validation '
ﬁ Validation of a model which represents a process ]
Y or situation such as this presents inherent problems. The -
- most obvious one is that there are no actual results with 8

which to compare the model results. Indeed, the purpose of

building the model was to obtain these results. Therefore,

it was necessary to proceed by indirect means. In a case

such as this where actual results are not available, face

1 P
bad ad 4" «

validity becomes very important. The author attempted to
build into the model the essential elements of a large

aerial engagement, based on 12 years' experience in tacti-

cal fighters and numerous suggestions from other
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Red 1 departed Base 1 on Route 1 Time: 12.00
Waypoint 1, Route # 1, Red 1, Time: 611.00
Range to Waypoint 1 2597.93 ft.

Ftr pos: X(1): 10090100.00 X(2): 10422596.00 X(3):
Waypt Pos: X(1): 10090000.00 X(2): 10420000.00 X(3):

Waypoint 2, Route # 1, Red 1, Time: 747.00
Range to Waypoint 2 2330.86 ft.

Ftr pos: X(1): 10060586.00 X(2): 10332256.00 X(3):
Waypt Pos: X(1): 10060000.00 X(2): 10330000.00 X(3):

Waypoint 3, Route # 1, Red 1, Time: 1031.00
Range to Waypoint 3 2702.71 f¢t.

Ftr pos: X(1): 10119052.00 X(2): 10142531.00 X(3):
Waypt Pos: X(1): 10120000.00 X(2): 10140000.00 X(3):

Waypoint 4, Route # 1, Red 1, Time: 1261.00
Range to Waypoint &  2888.15 ft.

Ftr pos: X(1): 9978559.00 X(2): 10073339.00 X(3):
Waypt Pos: X(1): 9976000.00 X(2): 1007200G.00 X(3):

Waypoint 5, Route # 1, Red 1, Time: 1514.00
Range to Waypoint 5 2637.14 ft. :

Ftr pos: X(1): 9999644.00 X(2): 10237387.00 X(3):
Waypt Pos: X(1): 10000000.00 X(2): 10240000.00 X(3):

Waypoint 6, Route # 1, Red 1, Time: 1769.00
Range to Waypoint 6 2523.87 ft.

Ftr pos: X(1): 10059082.00 X(2): 10405649.00 X(3):
Waypt Pos: X(1): 10060000.00 X(2): 10408000.00 X(3):

Waypoint 7, Route # 1, Red 1, Time: 2392.00
Range to Waypoint 7 2649.24 ft.
Ftr pos: X(1): 10119869.00 X(2): 10837354.00 X(3):
Waypt Pos: X(1): 10120000.00 X(2): 10840000.00 X(3):
Red 1 landed at Time: 2392.00

Fig. 6. Low Level Navigation
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CAP 1 range is 1.4 NM ]
CAP 1 location is X(1): 10154269.00 X(2): 10183851.00 X(3): -20000.00

Blue 1 headed outbound in CAP 1, Theta = 0461, Time: 523.00
Position: X(1): 10162814.00 X(2): 10183835.00 X(3): -19987.00
Velocity: X(1): .1326 X(2): -.9912 X(3) .0000
Blue 2, CAP # 1, Speed 585.00, Time 523.00
Position: X(1): 10164714.00 X(2): 10185639.00 X(3): -19987.00
Velocity: X(1): .1326 ° X(2): -.9912 X(3): .0000
—_ o Blue?2, 3 Lack and
3000’ out.
lue i
\
N 31
| ¢aP
-— L4 NM / Pattern I
~— ~— — s X2
~5caP P+
Fig. 7a. CAP Pattern
CAP 1 range is 12.1 NM

CAP 1 location is X(1): 10154269.00 X(2): 10183851.00 X(3): -20000.00
Blue 1 turning inbound in CAP 1, Time: 644.00

Blue 1, CAP # 1, Speed 585.00, Time 644.00

Position: X(1): 10172252.00 X(2): 10113655.00 X(3): ~-19987.00
Velocity: X(1): .1326 X(2): =~.9912 X(3): .0000
Blue 2, CAP #1, Speed 585.00, Time 644.00
Position: X(1): 10174152.00 X(2): 10115459.00 X(3): -19987.00
Velocity: X(1): .1326 X{2): ~.9912 X(3): .0000
T K Blue 2
~1326 _ —
- lue | X1
-.9912 ’// \\\ ~—
/ \\ = S -~
[ N < X2
\ N IR
12.1 NM \
AN N '
! AN
\ ~ —_ N /
S—— N
_ ~e-—-—
Fig. 7b. CAP Pattern
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CAP 1 range is 12.1 NM _
N ¢ CAP 1 location is X(1): 10154269.09 X(2): 10183851.00 X(3): =-20000.00 -J
[ Blue 1 headed inbound to CAP, Time:  667.00 i

Blue 1, CAP # 1, Speed 585.00, Time 667.00

Position: X(1): 10163861.00 X(2): 10111955.00 X(3): =-20000.04 .
Velocity: X(1): -.2630 X(2): .9648 X(3): -.0002 .
Blue 2, CAP # 1, Speed 585.00, Time 667.00 j
Position: X(1): 10161961.00 X(2): 10110152.00 X(3): =-20000.04

Jreavy o

Velocity: X(1): -.1322 ° X(2): .9912 X(3): .0000 ]
/ — \\ — —_ X]. :
—— -— o
[ —~ [-—0 1
' \ I
WBlue \ \ ‘
Blue 2 \\ -~ / i
i T~ ___CAP Pt ‘

AW = _ 7

Fig. 7c¢. CAP Pattern

CAP 1 range is .5 NM i
CAP 1 location is X(1): 10154269.00 X(2): 10183851.00 X(3): =-20000.00
Blue 1 turning outbound in CAP 1, Time  786.00

" AAA.-AA__l (P

Blue 1, CAP # 1, Speed 585.00, Time 786.00
Position: X(1): 10154698.00 X(2): 10180975.00 X(3): =-20000.04
Velocity: X(1): -.1322 X(2): .9912 X(3): .0000
- Blue 2, CAP # 1, Speed 585.00, Time 786 .00 1
. Position: X(1): 10152798.00 X(2): 10179172.00 X(3): =20000.04 .
Velocity: X(1): -.1322 X(2): .9912 X(3): .0000 :
i~ *
-~ ~ l i
~ X2 )
N\ 4
\ 3
L —
3 =~ /Cﬂv"' )
e |
o T -1322 :
p Blue 2 ‘
i

Fig. 7d. CAP Pattern
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experienced tactical pilots. Turing tests, where the simu-
lation results are shown to persons knowledgeable about the
process and they are asked whether or not they are reason-
able, are probably the best available tool in this situation.
However, there was insufficient time to conduct these tests
after the model was constructed. The AIMVAL-ACEVAL trials
quoted by Hodnett and Musson (Ref 7:75-76) were judged not
useful for validation of this model. These trials were
limited to a maximum of four aircraft on each side, with

the majority of the trials being 2 Blue fighters against
four Red. Also, the Red aircraft were equipped with
advanced IR missiles, which they do not have in this wmodel
or in actuality. Therefore, it was felt the results of the
AIMVAL-ACEVAL trials and this simulation should not be com-
pared. One set of test results is available which is appli-
cable in some degree. The Air Force Test and Evaluation
Center (AFTEC) conducted an Operational Utility Evaluation
of the Advanced Medium Range Air-to-Air Missile (AM-RAAM)
using the McDonnell-Douglas simulator facility inm St. Loulis,
Missouri. The evaluation compared the use of the AIM-7F
missile, which is used in this model, with AM~RAAM under

like scenarios. Full data is available on all phases of the
evaluation. The simulation used man-in-the-loop throughout.
The only drawback is that the computer limited the simula-
tion to a maximum of 12 aircraft: four Blue, four Red

fighters, and four Red fighter-bombers which flew '"canned"

53




g

8 & SRS Ararhd

T - I T —

routes. Data from the applicable segments are used to pro-
vide a baseline with which to compare results of this model
because they are the only data available. Readers with
proper clearances are referred to Reference 7. The problems
encountered with getting the model to work properly pre-
vented any attempt at validation of output from the model.
Lhe approach employed in building the model was discussed
with experienced tactical fighter pilots and there was
general agreement that it appeared intuitively appealing.

However, with no output, further checks could not be run.
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IV. Conclusions and Recommendations

Data 1is collected on the variables sgown in Figure 8.
As each of the events Jdccurs, a SLAM global variable is
incremented. At the end of the simulation Subroutine OTPUT
is called and writes these variables to a file for future
analysis by any of the available statistical packages such
as Statistical Package for the Social Sciences (SPSS) or
BMPD. 1If desired, a trace may be obtained of any of the
several elements of the model, including weapons employment
events, position and velocity coordinates, and radar file
printouts. This 1is done by setting the start and stop
times for the desired trace in Subroutine INTLC. These
set logical switches which operate "write'" statements at

the desired times.

XX( 1): BLUE Aircraft XX( 8): BLUE IR kills

XX( 2): RED Aircraft XX( 9): BLUE Gun shots
XX( 3): BLUE Losses XX(10): BLUE Gun kills
XX( 4): RED Losses XX(11): RED Radar missiles
XX( 5): BLUE Radar missiles XX(12).: RED Radar kills
XX( 6): BLUE Radar kills XX(13): RED IR missiles
XX( 7): BLUE IR missiles XX(14): RED IR kills

Fig. 8. Model Variables

Unfortunately, it required so much time to get the
model running properly there was no opportunity to collect

and analyze data. A sample of the weapons employment trace
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is shown in Figure 4. The data graphics capability of SLAM
can also be used to get graphs of the values of any of the
variables over time.

The experimental design.envisioned a series of 5
runs of each combinatiqQn of 4 and 8 Blue aircraft, 16 Red

16, 24, and 32 Red fighters.

fighter-bombers, and 8,
Analysis would be done on the effect of the beginning

ratios of aircraft engaged to the losseé on each side and
the exchange ratio, or number of Blue losses to the number

of Red losses.

Conclusions and Recommendatlions

Although there was no opportunity to experiment
with the model, several conclusions can be drawn from the
process of building 1it.

The VAX 11/780 computer with the UNIX operating
system 1s an excellent tool for building programs of this
nature. It allows easy manipulation of files and code and
turnaround 1is very quick on simulation runs. A subset with
four Blue fighters and eight Red fighter-bombers went
through a series of five complete runs in 6.5 minutes.

With response times as short as this, it is possible to
make changes and see the results quickly.

The UNIX FORTRAN 77 compiler was a source of some
frustration. It did not catch minor errors in format

statements and these would subsequently cause the program
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to bomb. Also, i1f format statements ran over 3 lines in
length, the loader had trouble assembling them and would
quit with "Termination Code XXX" message that offered no
help.

There are several options available with the com-
piler. One of the most useful was "-C" which checked array
subscripts to catch errors caused by exceeding array boun-
daries. However, this option would not work if any program
unit exceeded approximately 700 lines. It would give com-
piler and assembler errors with no indication of what the
problem was. It is also very slow, taking 5.0 to 7.5

minutes to compile the program for the model. Compiling

\

1

without the "-C" option took only one-third the timé.
Also, the model ran much more slowly when it was compiled
with the "-C" option. The best course seemed to be com-
piling with the "-C" option while debugging the program and
not using it after all the bugs were out. The compiler's
diagnostics were quite often cryptic and there was no avail-
able documentation to help decipher them (e.g., "Branch too
far" and "Segmentation Fault"). Because the VAX computer
and the UNIX operating system were both new to the School
of Engineering, there were no experienced persons to which
to go for advice, and this undoubtedly increased the length
of time required to get the program running.

Another problem encountered was refusal of thé pro-

gram to bomb when it encountered a previously undefined
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¢» variable during execution. Undefined variables were set to
;ﬂ zero and the program would continue running (incorrectly,
- of course).
E The model appears to be running with no further
FI ) coding or logic errors. Several sections were shown to be

running correctly in the verification section. However, the

q model is in no sense completely verified. The aircraft
t. "flew" in the desired manner and turn performance was con-

sistent with the real world in terms of turm rate and radius.
Weapons employment took place at the desired ranges and
missile flyout times were reasonable. Radar and visual

detection functioned correctly.

{ Recommendations

The model appears to be a useful, fast-running tool
for investigating large air-to-air engagements. The next
step would be inclusion of further print statements to com-
plete verification under a variety of scenarios and numbers
of gircraft. Once the user was satisfied with the operation
of the model, sensitivity analysis should be rum on all
phases of its operation to see if there are any cases which
might bias results. For instance, the results appeared to
be sensitive to the scheduling of Red aircraft. If the Red
aircraft did not arrive close together, they were destroyed
plecemeal. This might leave the false impression that the

Blue aircraft were very capable in multi-threat environment.
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(, The experiment which was planned to run with this
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model involved a series of five runs each with all combina- g

tions of 2 and 4 Blue aircraft, 8 Red fighter-bombers, and

Y
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h 8, 16, 24, and 32 Red escort fighters. The objective was ]
to see if the loss rates differed significantly from the low {

4

to high ratios of forces engaged, and whether there was a ?

w significant difference between the outcomes of the engage- B
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- ments with 2 and 4 Blue fighters. i
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Appendix A

SLAM Implementation of the Model :
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This model is implemented in SLAM and FORTRAN on the VAX

11/780 computer. Ten user .files and a maximum of ten attributes
are used. NSET/QSET is dimensioned to 15,000 and actual use of
the array is just under 9,000 words, leaving some 5,000 + words
for recording of plot variables if desired. The model is combined
continuous-discrete. No difference or differential equations are
used. The continuous feature is used to accomplish periodic
updates of aircraft and missile positions. There is no network

and the SLAM input file is only five lines. (Fig III-1l) «

GEN, BOGUSCH, THESIS ,3/9/83, 1;
INIT, 0, 2000;
LIMITS, 10, 10,600;
CONTINUOUS,0,2,.1,1.0;

- TIMST,XX(1),BLUE AC;

o TIMST,XX(2),RED AC;

. TIMST,XX(3),BLUE LOSSES;
o TIMST,XX(4),RED LOSSES;

3 Example of SLAM Statement File
5
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E

F!

- ~

L~ 63
¢

1 @




oL ad vl BNE. il Al Il e

he arBl Rt R T R e R i el

The files are arranged and used as follows:

File 1, Aircraft Flight Information

Attribute # Use

X1 position (feet, north-south)
X2 position (feet, east-west)
X3 position (feet, altitude)
X1 velocity component

X2 velocity component

X3 velocity component

Airspeed (magnitude, feet/sec)
Fuel flow

Desired ajirspeed

Desired altitude

»

* »
CWE®AUDWVE WN

—

* Velocity components are normalized so
velocity vector is a unit vector.
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File 2, Aircraft Operational Information

Attribute #

1
2
3
4
5
6
7
8
*%k g
* 10

Use

Wingman call sign

Fuel (pounds)

Radar missile (4)

Heat missiles (4)

Seconds of cannon fire (9)

Flight size and position
within flight

Radar and visual detection
flag

Blue - unused

Mission status flag

Mission code

*Current mission codes are:

< 110

110

111~
113

118

119
120

121

*%* The

Not available for flight

Available for mission
assigmment

Blue aircraft assigned to
CAP 1,2,3

Red aircraft on low level
navigation and ground attack
Bingo aircraft returning to base
Bingo aircraft engaging radar

contact
Blue aircraft engaging visual
contact

status flag indicates what phase of the

mission the aircraft is in, such as turning
inbound or outbound in the CAP pattern for
Mission Codes 111, 112, and 113.

DS _J

»
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-4 File 3, Blue Radar Missile File

|
)

. (g

"‘ \‘ Attribute # Use

X1 position

X2 position

X3 position

X1 velocity component

X2 velocity component

X3 velocity component

Airspeed (magnitude in feet/sec)
Remaining flight time

Target call sign

Previous range to target

QW BN WVNEWN

—

Each Blue aircraft has one entry in the Blue missile file.

These are initialized to zero. If a Blue aircraft launches a
radar missile, the information is loaded into the aircraft's slot
in the missile file. Because an aircraft can guide a radar mis- 1
sile at only one target at a time, this suffices. Any missiles in

the missile file are updated until they reach point of closest

approach to the target or flight time goes to zero, and they are

removed by zeroing the entries.

File 4, Blue Heat Missile File

The attributes have the same information as in File 3. There

i8 no need to identify a heat missile with its launching aircraft

'1

as the missile is autonomous after launch. Therefore there is no

i ' 66
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set number of entries in the heat missile file. As heat missiles
are launched, they are placed into the file. As they reach their
targets or run out of flight time, they are removed from the

file. Any missile present are updated periodically by Subroutine

STATE.

File S, Combat Air Patrol (CAP) Information

Attribute # Use

—

X1 coordinate of CAP point

X2 coordinate of CAP point

Lowest Unassigned Altitude (min 20,000')
Cosine of Outbound Heading

Sine of Outbound Heading

Unused

Number of assigned flight

Number of flights in CAP

O‘O?U\&‘wN
®

—

There are currently three CAPs defined.

File 6, Red Flight Information

This file is analogous to File 1, and holds the flight

information for Red aircraft.

File 7, Red Operational Information

This file has the same information as File 2, except for

67
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Attribute 8 and 9 when the mission code is 118 (Low Level Navia-

tion).

Mission Code 118

8
9

Route Number
Way Point Number

File 8, Red Radar Missiles

File 9, Red Heat Missiles

These files are exactly like Files 3 and 4 and hold missile

information for Red missile launches.

File 10, Low Level Route Waypoints

Attribute # Use
1 X1 coordinate of waypoint, Route #1
2 X2 coordinate of waypoint, Route #1
3 X1 - " » Route #2
4 X2 " " , Route #2
5 X1 - " , Route #3
6 X2 - - , Route #3
7 X1 " - , Route #4
8 X2 " " , Route #4
9 X1 " " , Route #5
10 X2 " - » Route #5

Entry 1 holds the first waypoint for Route 1-5. Entry 2

holds the second waypoint, and so on. The last entry for a route
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is the base coordinates. The entry following the base coordinates

is 999, which "lands™ the aircraft when it reaches base.

These files are used mainly as information storage. With the

exception of the heat missile files, entities are never filed or

removed. Values of the attributes are changed by direct access,

which in SLAM works as follows:

Files in SLAM are merely reserved locations in the QSET/NSET
array. Each entry in a file requires four words plus the number
of attributes declared in the LIMITS statement (Fig III-1), in
this case, 10 words. Therefore, each entry requires 14 storage
locations in the file. The extra four locations hold linking
information to tie the entry to the preceding and succeeding
entries. SLAM stores entries in logical rather than physical
sequence, so this linking information is necessary. SLAM main-
tains the address of the first entry in the file, and from this
the location of any subsequent entry may be determined. The SLAM
function for determining the address of the entry with rank NRANK

in file NFILE is

LOCAT( NRANK, NFILE)

Thus, NTRY = LOCAT( 5 , 1 ) returns the address of the first
word of entry number 5 in file 1. Attributes of an entry may be
accessed by QSET( NTRY + <Attribute Number> ). Thus after using
the LOCAT function above, the location QSET( NTRY + 7 ) holds the

airspeed of aircraft Blue 5. Other functions which return
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addresses of the first and last entries respectively in file

s 2 4t 2 am Aa s oa M

NFILE. To step forward or backward through a file, the functions

NSUCR( NTRY ) and NPRED( NTRY ) return addresses of the succeed-

£ miain A oam .

ing and preceeding entries to NTRY. In all cases, if there is no

entry, an address of zero is returned.

The only caveat in using direct access of attributes is that

an attribute used for ranking entries in the file should not be

changed in this manner. The default ranking mechanism of FIFO

(First In, First Out) is used in all cases, so this is not a
problem. Having determined the organization of the files let us

examine the operation of the SLAM program.

In the combined continuous-discrete mode of operation, SLAM
advances simulated time based on two criteria: next event time,

and step time. In the discrete mode, events are scheduled to

occur at some future time by being placed on the next event

calendar (NCLNR) in order of event time, lowest value first. The

simulation proceeds by advancing time (TNOW) to the event time of

] y
: the next event on the calendar, executing that event, then 1
1

. i

- advancing to the next event time, and so on, thus advancing from R
. event to event. In the continuous mode, time is advanced by a °

F’ fixed increment, specified in the CONTINUOUS statement (Fig.

P + 4

III-1). On-going continuous processes are updated and any state
variables are checked for the occurance of a state e.ent, which
is just the passing of a specified level by a state variable. If

a state event has occurred, the step size is reduced (down to an
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arbitrary size) and values recomputed, to locate the occurance of

the state event as precisely as possible. SLAM updates state

variables by calling Subroutine STATE at each step time (DTNOW).

STATE normally contains the equations defining the state vari-
ables. In this model there are presently no defined state vari-
ables, and the continuous time advance mechanism is used to

update the position and velocity vectors of aircraft and missiles

every second.

Discrete events in SLAM are usually coded in Subroutine
EVENT( 1E ), where IE is used in a computed GO TO statement to

send the program to the correct block of code. Events may occur

in "real” time as a result of Subroutine EVENT being called by
the model, or specific events may be placed on the event calendar
by a call to SCHDL( IEVENT, TIME, A ), where IEVENT is the event
code, TIME is the time from now the event is to occur, and A is r
the array holding the attributes to be placed on the event calen-

dar. In this model the Radar Detectin and Visual Detection

alimsa

events schedule themselves to occur every few seconds, simulating
continuuing radar and visual search. Other events search Blue ]
4
aircraft files for available aircraft and assign them to CAPs, ]
and send Red aircraft on low level routes. ;
]
.f~ Another subroutine which plays a major role in this model is
L; subroutine CMPUTE. This subroutine is called from Subroutine
§ 4

STATE for each airborne aircraft and updates the velocity vector

based on the mission code and status flag. In updating the

| »
SATRENES
-
e e R o 4
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velocity vector, it does such things as compute intercept vec-

. tors, launch missiles, route aircraft home after they reach low

!I . fuel state, and execute tactics. All changes to mission codes i
(after initial assigmment %y Subroutine EVENT) are made by Sub-

routine CMPUTE.

b- Subroutine STATE has already been mentioned. This subroutine !
is called by SLAM at each event and step time. Thus any variables

described by equations in STATE are updated at least every second

and possibly more often.

To start the whole simulation, Subroutine INTLC is called.

This subroutine initializes all files and common blocks, assigns

initial missions, and schedule initial events.

There are several other short supporting subroutines. DOT

and CROSS perform the indicated vector operations. LOS returns
- the Line-of-Sight (LOS) between two points, in vector form. TURN

move one vector a specified distance another in the plane formed

by the two vectors.
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Appendix B

Verification Printout
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Radar Search
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Ai~craft Blue 1 is in CAF 1 (Mission Code 111) at time 500.00

f VO A

as the radar detection subreoutine evaluates its relationship
- to each other airborne aircraft and tests for radar detection.
Fi - In Figure 4.1a alil gircraft are outside detection range )]
(range greaster than 270,600 feet) and are not detected. ]
% 1
Blue 1, Mission Code 111, Speed 38I1.00 fps, Time 500.00 4
{‘ Fosition?! X(1)?! 10154269.00 X(2): 10183851.00 X(3): -19987.00 }
; Velocity: X(1): +0132 ¥(2): 1,6962 X(3): +0000
' Red 1 Mission Code 118 Speed 700.00 fps, Time 500.00
k Fosition: X(1)?! 10093400,00 X(2)! 10499376.00 X(3): ~-1500.00
- Velocity: X(1)¢ -.0712 X(2): -.9975 X{(3): 0000
&) Radar range, Blue 1 to Red 1 is 321465,16 feet
{ Radar detection limits are:
Elevation: Upper ~2,00 degrees, Lower 8,00 degrees.
A Target elevation is 3.30 degrees.
Azimuth limits are! +/- 955.00 degrees. Target azimuth 11.22 degrees.
o Frobability of Radar Detection is .000. Random number is 861,
"{ Red 1 is not detected.
E - Red 2 Mission Code 118 Speed 700,00 fps, Time 500.00
' Toeitiont X(1)! 10095700,00 X{2)!: 10500772.00 X(3)! -1700,00
[ Velocity: X(1): -.0712 X(2)3 -997% X{(3): . 0000
f Radar range, Blue 1 to Red 2 is 322805.91 feet
'I Radar detection limits are! -4
! Elevation: Upper -2,00 degrees, Lower 8.00 degrees. "
' Target elevation is 3+25 degrees. .
A Azimuth limits are! +/- G55.00 degrees. Target azimuth 11,16 degrees. .
. Frobability of Radar [ietection is ,000. Random number is 348, ¥
. Red 2 is not detected, g
E! Red 3 Mission Code 118 Speed 700.00 fps, Time 500,00 )
i Position: X(1): 10095800.00 X(2): 10502168.00 X(3)3 -1900.00 Y
Velocity: X(1)? -.0712 X(2). -.997% X(3): 0000

Radar range, Rlue ! to Red 3 is 324147.31 feet
Radar detection limits ares

L» Elevation: Upper -2,00 degrees, Lower §.00 degrees.,
" Target elevation is 3.20 degrees. )
" Azimuth limits are! +/- 55.00 degrees. Target azamuth 11,10 degreec. E

Probability of Radar [letection is +000. Random number 1s .320. 1
Red 3 is not detected.
[ Red 4 Mission Code 118 Speed 700.00 fps, Taime 500,00

Position?! X(1)! 10095900,00 X(2): 10503544.00 X(3)3 -2100.00 1
Velocity?: X(1): ~.0712 X(2): - 9975 X({3): +0000 »
Fadar range, Klue 1 to Red 4 is 325489.31 feet 7
Radar detection limits are!
Elevation! Upper -2.,0C degrees, Lower 8.00 degrees,
Target elevation 1s 3.15 degrees. 1
Azimuth limits are! +/- 55,00 degrees. Target azimuth 11,94 degrees. j
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Probability of Radar Deteczion is .000, Random number is .867.
Red 4 is not detected.
Red 5 MNission Code 118 Speed 700.00 fpsy, Time 509.00
Fosition?: X(1)! 10096000.00 X(2): 10304960.00 X(3): -2300.00
Velocity: X(1): -.0712 X(2)% -.9975 X(3)3 +0000
Radar range, Blue 1 to Red 5 is 326831.,91 feet
Radar detection limits are?
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is «3:,10 degrees.,
Azimuth limits are! +/- 53.00 degrees. Target aczimuth 10.98 degrees.,
Probability of Radar Detectien is .000. Random number is .200.
Red S is not detected.,
Red & Mission Code 118 Speed 700.00 fps, Time 500,00
Fosition! X(1):! 10096100,20 X(2):! 10306336.00 X(3): -2500.00
Velocity: X(1): -.0712 X(2): -.9975 X(3): +0000
Radar range, Klue 1 to Red 6 1s 328.75.13 feet
Radar detection limits are:
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3,05 degrees.
Azimuth limits are! +/- 55.00 degrees. Target arzimuth 10.91 degrees.
Probability of Rcdar Detection is .000, Random number 1s 634,
Red 6 is not detected.
Red 7 Mission Code 118 Speed 700.00 fps, Time $00.00
Fosition: X(1): 10096200,00 X(2)? 10507752.00° X(3)3 -2700.00
Velocity! X(1): -.0712 ¥(2)3 49973 X(3): +0000
Radar rangey Rlue 1 to Red 7 is 329318,91 feet
Radar detection limits are!l
Elevation: \Upper -2.00 degrees, Lower B8.00 degrees.
Target elevation is 3.01 degrees.,
Azimuth limits are! +/- 55,00 degrees. Target azimuth 10.85 degrees,
Frobability of Radar Detection is .000. Random number is 269,
Red 7 is not detected.
Red 8 Mission Code 118 Speed 700.00 fps, Time 500.00
Fosition! X(1)! 10096300,00 X(2)! 10509148.00 X{3): =-2900.00
Velocity: X(1)3 -.0712 X(2)3 - 9975 X(3): «0000
Radar range, Blue ! to Red 8 is 330863.28 feet
Radar detection limits are!
Elevation! Upper -2.00 degrees, lLower 8.00 degrees.
Target elevation is 2,96 degrees.
Azimuth limits are! +/- 55,00 degrees. Target azimuth 10,79 degrees.
Probability of Radar Detection 1s .000. Random number is 7035,
Red 8 is not detected.
Red 9 Mission Code 114 Speed B850.00 fps, Time 500.00
Position: X(1)!: 10070800,00 X(2): 10495190.00 X{(3): -11408.03
Velocity: X(1): -.1415 X(2)3 -,9899 X(3): + 0000
Radar range, Blue 1 to Red 9 is 322447.91 feet
Radar detection limits are!

Elevation: Upper -2,00 degrees, Lower 8.00 degrees.
Target elevation 15 1.92 degrees.
Azimuth limits are! +/- 55.00 deqgrees. Target azZimuth 5.70 degrees.

Frobability of Radar lletection is .000. Random rumber 1s 703,
Red 9 is not detected.

Red 10 Mission Code 114 Speed B8%0.00 fps, Time 500,00

Fosition: X(1): 10071726.,00 X(2)! 104%94370.,00 X(3): -11453.(3
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((\ Velocity: X1} =.1415 X(2)3 -,9899 X(3): +0000
F‘ Radar range, Blue 1 te Red 10 is 323349,75 feet

t(~ Radar detection limits are!

[ Elevation: Upper -2.,00 degrees, Lower 8,00 degrees.

1 Target elevation is 1,52 degrees.,

Azimuth limits are! +/- 55,00 degrees. Target azinuth 15,49 degrees.,
Probability of Radar Detection is .000. Random number is ,205.

Red 10 is not detected.
Red 11 Hission Code 114. Speed 850.00 fps, Time 500,00
Position! X(1): 10071440.00 X(2): 10501077.00 X(3): -14709.26
Velocity?! X(1)% -.1415 X(2)8 -.9899 X¢3) 4 +0000
Raedar range, Blue 1 to Red 11 is 327853.22 feet
Radar detection limits are!

Elevation: Upper -2.00 degrees, Lower 8,00 degrees.

Target elevation is +92 degrees.
Azimuth limits are! +/- 55.00 degrees. Target azimuth 15,29 degrees.
Probability of Radar Detection is .000. Random number is .333.
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Red 11 is not detected.,
., Red 12 Mission Code 114 Speed 850,00 fps, Time 500.00
[y Fosition: X(1): 10072566.00 X(2)% 103502257.00 X(3)! -14709.26
. Velocity: X(1): -.1414 X(2): -.9899 X(3): +0000
Radar range, Flue 1 to Red 12 is 328763.78 feet
Radar detection limits are!
Elevation: Upper -2.00 deqrees, Lower B.00 degrees.
Target elevation is +92 degrees.

Azimuth limits are! +/- 55,00 degrees., Target azimuth 15.08 degrees,
Probability of Radar [Detection is +000. Random numter is .011,
Red 12 is not detected.
Red 41 Mission Code 114 Speed 850.00 fps, Time 500.00
Fosition?! X(1)! 9885866.00 X(2)! 10609300,.00 X(3)} -130254.68
Velocity: X(1)2 + 1841 X(2): -.9829 X(3): +Q000
Radar range, Blue 1 to Red 41 is 303085.94 feet
Radar detection limits are!
Elevation: Upper -2,00 degrees, Lower 8.00 degrees.
Target elevation is +79 degrees,
Azimuth limits are: +/- S5.00 degrees. Target azimuth  32.94 degrees,
Probability of Radar Detection is .000. Random number is .538.
Red -1 is not detected.
Red 42 Mission Code 114 Speed 850.00 fps, Time 500.00
Fosition! X(1):! 98863464,00 X(2)! 10610715,00 X(3): -13026.68

Velocity: X{(1): +1841 X(2)8 -.9829 X{3)3 +0000
Radar range, Blue 1 to Red 42 is 504018.25 feet
Radar detection limits are!
Elevation: Upper -2.00 deqrees, Lower 8.00 degrees.
Target elevation is +79 degrees.
Azimuth limits are: +/- 55.00 degreoes. Target azimuth 2.80 degrees,

Probability of Radar Detection is .000. Random number 1s 193,

Red 42 is not detected.
Red 43 Mission Code 114 Speed 850.00 fpsy Time 500.00
Fosition: X(1): 9884771.00 X(2): 1061514%7,00 X¢(3): -19337.84
Velocity: X(1): + 1841 X(2)4 -.9829 X(3)! «0000
Radar range, Hlue 1 to Red 43 is 508570.46 feet
Radar detecticn limits ared

Elevation! Upper -2.00 degrees, Lower 8,00 degrees.
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Q Target elevation is +07 degrees.
' Azimuth limits are! +/- 355.00 degrees, Target azimuth 2,49 degrees.
Probability of Radar [letection is ,000. Random number is 182,
Red 43 1s not detected.
Red 44 Mission Code 1!4 Speed B30.00 fps, Time 500.00
Position: X(1): 9885339.00 X(2)! 10€16560,00 X(3): -19337.86

o Velocity: X(i)3 +1343 X(2): -.9329 X3 +000C
ﬁ . Radar range, Flue 1 to Red 44 is 509471.16 feet
Radar detection limits are?
Elevation! Upper -2.00 deqrees, Lower 8,00 degrees.,
Target elevation is +07 degrees.,

Azimuth limits are! +/- 355.00 degrees. Target azimuth 22,5%% degrees,
< Frobability of Radar [etection is .000. Random number is .6035.
{ Red 44 is not detected,

‘ X PHRelow is a sample of the radar file, with the number of
- detected radar threats (Nthrt), the call signs, and
. associated ranges. A caell sign of *0° and range of
2 00" indi cate no target. Therefore, with no
[@ detected threats, there are no ranges nor call signs
' stored. ("Flag = -1° indicates the aircraft is
turning outbound in the CAP.)

Nthrt Flue( 1) = 0 Time: 500.00, Flag = -1, Msn Code = 111 |
Threat Call Signs are? 0 0 0 0 0 i
Threat Ranges arei 999999.00 999999.00 999999,00 999999,00 999999,00

i

Example 1. ~Radar Detection

At time 530,00, Rlue 1 is outbound in the CAP and all the target aircraft
are behind ity so there should be no detections. All the targets are out-

side the azimuth limits and are not detected.

Blue 1, Mission Code 111, Speed 9585.00 fps, Tinme §30.00

" Position! X(1)! 10163438.00 X(2)! 10179195,00 X(3)3 -19987.00

e Velocity: X(1)¢ +1326 X(2): -.9912 X(3): +0000 1

” Red 1 Mission Code 118 Speed 700,00 fps, Time 930.00 1
Fosition!: X(1): 10094100.,00 X(2): 10478436.00 X{(3)3 -1500.00
Velocity: X(1): -.0712 X{2): ~.9975 X(3): + 0000
Radar range, Rlue 1 to Red 1 is 307725.06 feet

- Radar detection limits are!

Q Elevation: Upper -2.,00 degrees, Lower 8.00 degrees.

. Target elevation is 3.44 degrees.

j~/, Azimuth limits are! +/- 55.00 degrees. Target acimuth 174,59 degrees,

SN Red 2 Mission Code 118 Speed 700,00 fps, Time 530.00 :

o Fosition? X(1): 10094200.00 X(2)! 10479832.00 X3! -1700.00

oy Velocity!: X(1): -.0712 X(2)4 - 9975 Xi3r: +0000
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Radar range, Blue 1 to Red 2 is 309048.41 feet
Radar detectvion limits are!

Elevationt Upper -2.20 degrees, Lower 8,00 degrees.

Target elevat:cn is 3,29 degrees.
Azinuth linits a-e! +/- &3.00 cegrees. Target azimuth 174,66 degrees,
Red 3 Mission Code 118 Speed 700.00 fps, Time 930,00
Positiont X(1): 10094300,00 X(2): 10481228,00 X(3): -1900.00
Velocity: X(1:: -.0712 X(2) 9975 X(3): +0000
Radar range, Blue 1 to Red 3 is 310372.56 feet
Radar detection limits are!

Elevation!: Upper -2.00 deqrees, Lower 8.00 degrees.

Target elevation is 3,34 degrees,
Azimuth limits are! +/- S5.00 degrees, Target azimuth 174.74 degrees.,
Red 4 Mission Code 118 Speed 700.00 fps, Time 530.00
Fosition! X(1): 10094400.00 X(2): 10482624.,00 X(3): -2100,00
Velocity: X(1): -.0712 X(2)¢ 9975 X{3): +0000
Radar range, Elue 1 to Red 4 is 311697453 feet
Redar detection limits are!

Elevation: Ubpper -2.00 degrees, Lower 8.00 degrees.

Target elevation is 3.29 degrees,
Azimuth limits are! +/- 55,00 degrees. Target azimuth 174,81 degrees.
Red S Mission Code 118 Speed 700.00 fps, Time 530,00
Fosition: X(1)! 10094500.00 X(2): 10484020.00 X(3): -2300.00
Velocity?: X(1): -.0712 X(2): 9975 Xi3): «0000
Radar range, Flue 1 toc Red 5 is 313023.25 feet
Radar detection limits are!

Elevation: Upper -2.00 deqgrees, Lower 8.00 degrees.

Target elevation is 3+24 degrees.
Azimuth limits are! +/- 55.00 degrees, Target azimuth 174.3% degrees.
Red &6 Mission Ccde 118 Speed 700.00 fps. Time 530,00
Positiont: X(1)! 10094600.00 X(2)! 10435416.00 X(3)! -2500.00
Velocity?! X(1): -.0712 X(2)2 -.9975 X(3): «0000
Radar raonge, Biue 1 to Red 6 is 314349,75 feet
Radar detection limits are!

Elevation?! Upper ~2.00 degrees, Lower 8,00 degreces.,

Target elevation is 3.19 degrees.,
Azimuth limits are! +/- 55,00 degrees. Target azimuth 174,94 degrees.
Red 7 Mission Code 118 Speed 700.00 fps, Time 530.00
Fosition? X{(1):! 10094700,00 X(2)! 10484812,00 X(3)! -2700.00
Velocity: X(1): -.0712 X2 -.997% X(3): . 0000
Radar range, Flue 1 to Red 7 1s 315477.00 feet
Radar detection limits are!

Elevation! Upper ~2.00 degrees, Lower 8,00 degrees.

Target elevation is 3.14 degrees.,
Azimuth limits are! +/- 55.00 degrees. Target azimuth 17%5.04 deqrees,
Red B8 Mission Code 118 Speed 700,00 fps, Time $30.00
Fosition? X(1): 10094800.00 X{2)! 19488208.00 X{3): -2900.,00
Velocity?! X(1): -.0712 X(2) -.997% X{3): » 0000
Radar range, Blue 1 to Red 8 is 217003.00 feet
Radar detection limits are!

Elevation: Upper -2.00 deqreers, Lower 8.00 degrees.

Target elevation is 3.09 degrees,
Azimuth limits are! +/- 355,00 degrees. Target azimuth 175,11 desreec.
Fed 9 Micsion Code 114 Speed 830,00 fpsy Time T30.00
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Fosition! X(i)?: 10067200,00 X(2): 10469960.00 X(3): -11408.03
Velocity: X(1): -.1414 X2 -.9899 X(3): +0000
Radar range, BRlue 1 to Red 9 is 306397.84 feet
Radar detection limits are!

Elevation: Upper -2.00 deqrees, Lower 8,00 degrees.

elev ation is 1.40 degrees.,

Azimuth limits are! +/- 55.00 degrees. Target azimuth 169.32 degrees.
Red 10 Mission Code 114 Speed 850.00 fps, Time 530.00
Fosition: X(1)! 1006B124,00 X(2): 10471140,00 X(3): -11408.03
Velocity: X(1): ~,1416 X(2): ~.9899 X3¢ +0000
Radar range, Rlue 1 to Red !0 is 307229,34 feet
Radar detection limits are?

Elevation! Upper -2.00 degrees, Lower 8.00 degress.

Target elevation is 1,60 degrees.,
Azimuth limits are! +/- S55.00 degrees. Target azimuth 169.5% degrees.
Red 11 Mission Code 114 Speed 850,00 fps, Time 530,00
Fosition?! X(1)! 100468040.00 X(2): 10475847.00 X(3): -14709.2%
Velocity: X(1): -.1415 X(2)3 -,93999 X{3) e +0000
Radar range, Elue 1 to Red 11 is 311¢58,53 feet
Radar detection limits are?

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is +97 degrees.
Azimuth limits are! +/- 55.00 degrees. Target azimuth 169.80 degrees.
Red 12 Mission Code 114 Speed 8350.00 fps, Time 530.00
Fosition?! X(1): 10068966.00 X(2): 10477027.00 X(3): -14709,24
Velocity: X{1)! -.1414 X{23% -.9899 X{3): 0000
Radar range, Rlue 1 to Red 12 1s 312500.75 feet
Radar detection limits are?

- Elevation: Upper -2,00 degrees, Lower 8.00 decrees.

- Target elevation 1s +97 degrees.,

j.l Azimuth limits are’ +/- 55,00 degrees. Target azimuth 170.03 degrees.
Red 41 Mission Code 114 Speed 850.00 fps, Time 530,00

Fosition: X(1)! 9890%558.00 X(2): 10584250.00 X(3): -13026.48
e .18 41 X{2): -.9829 X(3)1 . 0000
Radar range, Hlue 1 to KRed 41 1is 488448.06 feet
. Radar detection limits are;
t! Elevation: \Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is +82 degrees.,

Azimuth limits are! +/- 55.00 degrees. Target azimuth 1353.46 degrees.
Red 42 Mission Code 114 Speed 850.00 fps, Time 530.00
Fosition: X(1): 9891056.00 X(2): 1038%3863.00 X(3): ~-13026.48
Velocity?! X(1): + 1841 X(2): -.9829 X(3): +0000
Radar range, Hlue 1 to Red 42 is 489344.75 feet
Radar detection limits are!

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.

Target elevation is +82 degrees,
Azimuth limits are’ +/- 5%.00 degrees, Target azimuth 153,80 degrees.
Red 43 Mission Code 114 Speed 830.00 fpsy Tome $30.00
Fosition: X(1)! 9889443.00 X(2)! 10590095.00 X{3): -19337.84

(f
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Velocity: X(1): « 1841 X(2)3 -, 9829 X(3): «Q000
p Radar range, Elue 1 to Red 43 is 493863.58 feet
Y Radar detection limits are!
= Elevation! Upper -2.,00 degrees, Lower 8.00 decrees.
. Target elevation 1s +08 degrees.
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Azimuth limits gre! +/- 55,00 deqrees. Terget azimuth 153.94 degrees.
Red 44 Mission Code 114 Speed 850,00 fps, Time 530.90
Positiont! X(1): 9890049.00 X(2)! 10591510.00 X(3): ~19337.86
Velocity?! X(1): + 1843 X(2): -.9829 X3 +0000
Radar range, Blue 1 to Red 44 i¢ 494717,72 feet
Radar detection limits are!
Elevation! Upper ~2,00 degrees, Lower 8.00 degrees.
Target elevation is . +08 degrees.
Azimuth limits are! +/- 355.00 degrees. Target azimuth 154,08 degrees.

X As expected, the radur Tile shows no detected threats,
The *Fiag = ~2' indicates tne aircraft is outbound in the CAP.

Nthrt Klue(l) = 0 Time? 930,00 Flag = -2, Msn Code = 111

Threat Call Signs are: 0 0 0 0 0
Threat Ranges are! 999992.00 999999.00 999999.00 999999.00 999999,00

Example 2. Radar Detection

At time 675.00 Blue 1 is headed back inbound to the CAF point. All the
targets are still out of range, even though they are within the angular
limits of the radar search, As Blue 1 gets closer to the targets, first
one and then more of them are detected. Note that the same ones are not
detected on every sweep until fairly close range. The actual radar

operates in the same manner.

Blue 1, Mission Code 111, Speed 585.00 fps, Time 675,00
Position?! X(1): 10163148.00 X(2)! 10117175.00 X(3)3: ~20000.04

Velocity! X(1): -,1322 X(2): +9912 X(3)3 +0000
Red 1 Mission Code 118 Speed 700.00 fps, Time 675,00
Fosition! X(3)! 10077422.00 X(2): 10378993,00 X{3): -1500.00
Velocity: X(1)2 -.3394 X{2): -.9404 X(3): + 0000

Radar range, Elue 1 to Red 1 1is 276121.88 feet
Radar detection limits are!
Elevation! Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.84 degrees.,
Azimuth limits are! +/- 355,00 degrees. Target azimuth 10,54 degrees.
Probability of Radar Detection is .000, Random number is 3560,
Red 1 is not detected.,
Red 2 Mission Code 118 Speed 700.00 fps, Time 675.00

Position! X(1): 10077898.00 X(2)! 103B0309.00 X(3): -1700.00
Velocity! X(1)! -.3394 X{2):  =-.9408 X(3): + 0000
Radar range, Hlue 1 to Red 2 is 277209.97 feet
Radar detaction limites are?
Elevationt Upper -2.00 degrees, Lower 8.00 degrees.
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Target elevation is 3.79 degrees.
Azimuth limits are! +/- 55,00 degrees. Target azimuth 10,36 degrees.
Probability of Radar [tetection is .000, Random number is ,627.
Red 2 is not detected.
Red 3 Mission Code 118 Speed 700.00 fps, Time 675.00
Position?! X(1)? 10078374,00 X(2): 103814625.00 X(3)? -1900,00
Velocity: X(1): -.3396 X(2): ~+9404 X(3): +0000
Radar range, Rlue 1 to Red 3 is 278300,97 feet
Radar detection limits are!
Elevation! Upper -2,00 degrees, Lower 8.00 aegrees.
Target elevation is 3.73 degrees.
Azimuth lipite arel! +/- 355.00 degrees. Target uzimuth 10.18 degrees.
FProbability of Radar lletection is .000. Random number 15 .574,
Red 3 is not detected.
Red 4 Mission Code 118 Speed 700.00 fps, Time 675.00
Position: X(1): 10078850,00 X¢(2)! 10382941,00 X{(3)! -2100.00
Velocity! X(1): -+3396 X(2): -.94064 X(3) 1 +0000
Radar range, Blue 1 to Red 4 is 279394,88 feet
Radar detection limits are!
Elevation! Upper ~-2,00 degrees, Lower 8.00 degrees.
Target elevation is 3.67 degrees.
Azimuth limits are?! +/- G55.00 degrees. Target azimuth 10.00 degrees.,
Frobability of Radar [letection is .000. Random number is ,048,
Fed 4 is not detected.
Red 5 Mission Code 118 Speed 700.00 fps, Time 675,00
Position?: X(1): 10079324,0G X(2)% 10384257.00 X(3)} -2306.,00
Velocity! Xt(1)? -.3394 X(2) -.9404 X{3):2 +0000
Radar range, Rlue 1 to Red 5 is 280491.646 feet
Radar detection limits are:

Elevationt Upper ~2,00 degrees, Lower 8.00 degrees.
Target elevation is 3+62 degrees.
Azimuth limits are’ +/- 55.00 degrees. Target azimuth 9.83 degrees.

Frobability of Radar [letection is .000, Random number is ,455,
Red 5 is not detected.

Red & Mission Code 118 Speed 700.00 fps, Time 675,00

Fosition: X({1)! 10079802,00 X(2)¢ 10385573.,00 X(3): -2500.00

Velocity: X(1)! -.3396 X(2)3 -.9404 X(3): 0000

Radar range, Blue 1 to Red 6 is 281591.22 feet

Radar detection limits are!

Elevetion! Upper -2.00 degreesy Lower 8,00 degrees.
Target elevation is 3.56 degrees.
Azimuth limits are! +/- 55.00 degrees. Target azimuth 9,66 deqrees.,

Frobability of Radar Detection is ,000, Random number is .084,
Red 6 is not detected.

Red 7 Mission Code 118 Speed 700.00 fps, Time 675.00

Fositior! X(1): 10080278,0~ X(2): 10384889.00 X(3): -2700.00

Velocity! X(1)¢ -.3396 X(2): -,9406 X(3): +0000

Radar range, Blue 1 to Red 7 1s 282693.43 feet

Rada: detection limits are!

Elevation! Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.91 degrees.
Azimuth limits are: +/- 55.00 degrees. rarget azimuth 9.48 degrees.

Probability of FRadar letectinn is .000., Random number is 774,
Red 7 i1s not detected.
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Red 8 Mission Code 118 Speed 700,00 fps, Time $75.00
Fositions X{1): 10080754,00 X(2): 10388205.00 X(3): -2900,00
Velocity!: X{(i)! -,3396 X(2): ~. 9406 X¢3): +0000
Radar range, Riue i to Red 8 is 283798.78 feet

Radar detection limits are?

Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.45 degrees.
Azimuth limits are: +/- 55.00 degrees. Target azimuth 9.31 degrees.,

Probability of Radar [etection is ,000. Random number is ,012,
Red 8 ie not detected.

Red 9 Mission lode 114 Speed 850.00 fpsy, Time 675,00

Position! X(1)?: 10049300,00 X(2): 10348015.00 X(3): -11408,03

Velocity: X(1): -,1417 X(2): ~. 7899 X(3): + 0000
Radar range, Blue 1 to Red 9 1s 257319.33 feet
Radar detection limits are?
Elevation: Upper -2,00 degrees, Lower 8.00 degrees.
Target elevation is 1.91 degrees.

Aziguth limits ares +/- S55.00 degrees. Target aqzimuth 18.56 degrees.,
Probability of Radar [ltetection is ,106, Random number is ,532,
Red 9 is not detectea.
Red 10 Mission Code 114 Speed 850.00 fps, Time 675,00
Faosition: X(1): 10050726.00 X(2)} 10349195.00 X(3)3 -11408,03
Velocity: X(1)3 -.1417 X(2)3 -.9899 X(3): + 0000
Fadar range, Rlue 1 to Red 10 is 257973.47 feet
Radar detection limits are!
Elevation! Upper -2.00 degreesy Louer B8.00 cegrees.
Target elevation is 1,91 degrees.
Azimuth limits are?! +/- 55,00 degrees. Target a-imuth 18.26 degrees.
Probability of Radar Detection is +100. Random number is ,734,
Red 10 is not detected.
Red 11 Mission Code 114 Speed 830.00 fps, Time 673,00
Fosition: X{1):{ 10050640.00 X(2)>: 10353902.00 Xi(3): -14709.26
Velocity?! X(1)¢ -+1416 X(2): -.9899 X(3): +0000
Radar range, Elue 1 to Red 11 is 262164.47 feet
Radar detection limits are!
Elevation: Upper -2.00 degrees, Lower 8,00 degrees.,
Target elevation is 1,16 degrees,
Azimuth limits are: +/- 953,00 degrees. Target azimuth 17.83 degrees.
Probability of Radar [etection is ,063. Random number is 379,
Red 11 is not detected.
Red 12 Mission Code 114 Speed 8%50.00 fps, Time 673,00
Fosition! X(1)? 10051546,00 X(2): 10359082.00 X(3)°* -14709,26
Velocity! X(1)3 -.1414 X(2): ~,9899 X(3): +0000
Radar rangey Blue 1 to Red 12 is 262B835.97 feet
Radar detection limits are:
Elevation: LUpper ~2,00 degrees, Lower 8.00 deqrees.
Target elevation 1is 1,15 degrees.
Azimuth limits are! 4/- 55.00 degrees. Target azimuth 17.5% dearees.
Probability of Radar [etection is .060. Random number is .923.
Red 12 is not detected.
Red 41 Mission Code 114 Speed 830.00 fps, Time 673.00
Fosition! X(1)! 9913238,00 X(2)! 10463175.00 X(3): -13026.48

Velocity! X(1)3 »1841 X(2): -.,9829 X(3): «0000
Radar rangey Klue 1 to Red 41 1s 425883.463 feet
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Radar detection limits are!

Elevation: Upper
Target elevation is

Azimuth limits are: +/- 353.00 degrees. Target azimuth
Frobobility of Redar [etection is .000., Random number is .444,

Red 41 is not detected.

hed 42 Mission Code 1i4 Speed B50.00 fps, Time 675.00
Position?! X(1)! 9913736.00 X{(2): 10464590.00 X(3)!
X(2): -.9829 X3 +0000

Velocity: Xi1): 1844

Radar range, Blue 1 to Red 42 is

Rader detection limits are!
Elevation: Upper
Target elevation is

Red 42 is not detected.

Red 43 Mission Code 114 Speed 850,00 fps, Time 675.00
Fosition?! X(1): 9912143,00 X(2)? 1046%9020.00 X(3):
X(2): -.9829 X¢3): +0000

Velocity?: X(1)3 .1841

Radar range, Blue 1 to Red 43 1is

Radar detection limits are!
Elevation: Upper
Target elevation is

Azimuth limits are? +/- 355.00 degrees., Target azimuth
Frobability of Radar lletection is .000. Random number is .030.

Red 43 is not detected.

Red 44 Mission Code 114 Speed
Fosition? X(1): 9912814,00 X(2): 10470435,00 X(3):

Velocity: X(1):¢ +1843

Radar range, Blue 1 to Red 44 is

Radar detection limits arel
Elevation: Upper
Target elevation is

/‘ 5 5000

Ked 44 is not detected.

Nthrt RFlue(l) = 0 Time:
e: 0
Threat Ranges are! 999999.00

Nthrt Blue(l) = 1 Time!
Threat Call Signs are? 1
Threat Ranges are! 259391.98

Nthrt Blue(l) = 2 Time:
Threat Call Signs are: 10
Threat Ranges are: 233161.16

Nthrt Blue(l) = 3 Time!
Threat Call Signs are! 9
Threat Ranges are! 226536.91

Nthrt Blue(l) = 3 Time:

-2.G0 deqrees, Lower
+94 degrees. )

-2.00 degrees, Lower
+93 degrees.

Azimuth limits are! +/- 353,00 degrees, Target azimuth

Frobab:ility of Radar [letection is .000. Random number is ,311. 1

-2,00 degrees, Lower
+09 degrees. K

"
850000 FpS' Time 675000 1
-19337.86
X(2): -.9829 X{3): + 0000

-2.00 degrees, Lower
+09 degrees.,

degre es. Target azimuth

Frobability of Radar [tetection is .000., Random number is .8%5,

8.00 degrees. >

28,24 deqgrees.

-13026.,68 4
427740,75 feet
8,00 degrees.

28.08 degrees. )

-19337.86
432213.97 feet é
8.00 degrees. J

27.91 degrees.,

432978.28 feet
8.00 degrees.

27.73 degrees.,

N PN 'AA_AAAJ

675,00 Flag = 2, Msn Code = 111
0 0 0 0
999999.00 999999.00 999999.00 999999.00 b
3
690,00 Flag = 2, Msn Code = 111
0 0 0 0 .
999999.00 999999.00 999999.00 ¢999999.00 %
1
695.00 Flag = 2y Msn Code » 111
11 0 0 0
237226.98 999997.,00 999999.00 959999,00
700,00 Flag = 2, Man Code = 111 4

11 7 0 0
230248.92 I54679.70 99°9999.00 999999.00

705.00 Flag = 2+ Men Code = 111
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Threct Call Signs are? 9 2 7 0 e
Threat Ranges are! 220552,22 243979.89 249168.13 999999.00 999999.00
Nthrt Elue(l) = 4 Time? 710,00 Flag = 2, Msn Code = 111
Threat Call Signs are? 9 10 4 6 0
Threat Ranges are! 214636.09 215140.80 240602.84 242658.27 999999.00
Nthrt Rleue(l) = § Tine! 715.00 Flag = 2, Msn Code = 111
Threat Cal) 5:.gns are! <9 10 11 é 8
Threat Ranges are! 208794,33 209272.11 210295.05 237231.84 239278.33
Nthrt Blue(l) = 9 Time: 720,00 Flag = 2, Msp Code = 111
Threat Call Signs are! 9 3 4 6 8
Threat Ranges are! 203033.36 228847.50 229842.81 231846.48 233867.16
Nthrt Rlue(l) = 7 Time: 725,00 Flag = 2, Msn Code = 111
Threat Call Signs are! 12 11 9 1 ]

Threat Ranges are! 193998.43 196416.89 197350.,27 221601.33 225515.1%

Example 3. Radar Detection

At a range of less than 200,000 feet the fighter 1% released from the CAF
and begins an intercept and attack on the closest target. A Micsion Code
of 120 and a *Flag = 1°® indicates the fighter is running an intercept but
is not locked on to a target, so the radar is still searching. The radar
scan pattern is oriented along the line of sight from the fighler to the

nearest target, as indicated by the changed elevation limits,

Blue 1 committed from CAP 1, Time: 726,00
Flue 1, Mission Code 120, Speed 610.00 fps, Time 73G.00
Fosition: X(1): 10157900.00 Xx(2): 10148818,00 X(3)!: -19930.11

Velocity: X(1): -.4728 X(2): .8808 X{3): 0233
Red 1 Mission Code 118 Speed 700.00 fps, Time 730,00
Fosition: X{1): 10064332.00 X(2): 10342803.00 X(3)! -1500,00
Velocity: X(1): -.3396 X(2)3 =+9406 X(3): «0000
Radar range, Rlue 1 to Red 1 1is 216159,25 feet
Radar detection limits are!
Elevation: Upper -5.94 degrees, Lower 6.04 deqreec.
Target elevation is 3.55 degrees.
Azimuth limits are! +/- S55.00 degreec. Target amimuth 2,48 gegrees.

Probability of Radar [ietection is .449. Random number 1s 785,
Red 1 is not detected.

Code 118 Spee d 700.90 fps, Time 730.00
Fosition! X(1)! 1004430B.00 X(2)! 1034.119,00 X{3)? -1750,00
Velocity: X(1)3 -, 3396 X2y =+9404 X{3): 0000

85

ba’aagioala

-
P

“““tg

)

d

PO

.




v

—v _'f'r L 4 'r_vf,-v—z.j FIWW, TS E ATy Y
. . IR e e 2 o
S~

R~ AR

CTTRT N T T TR TN T U TR TR TE T TAT R TR T AT A TE T Y T e TRk TR T % T mT S S et W W tw = = e —

Radar range, Blue 1 to Red 2 is 217119.64 feet
Radar detection limits are!

Elevation! Upper ~-5.96 degrees, Lcwer 6.04 degrees.
Target elevation is 3,48 degrees.
Aziauth limits cere! +/- 55.00 degrees. Target azimuth 2.74 degrees.

Frobability of Radar [tetection is .441. Random number is .749,
Red 2 is not detected.

Red 3 Mission Code 118 Speed 700,00 fps, Time 730.00

Position? X(1)? 10065284.00 X(2): 10345435,00 X(3)! -1900,00

Velocity: X(1)¢ -+3396 X¢2) -.9406 X(3:2 + 0000

Radar range, Blue 1 to Red 3 is 218084,97 feet

Radar detection limits are!

Elevation! Upper -5.96 degrees, Lower 6.04 degrees.
Target elevation is 3.40 degrees.
Azimuth limits are:! +/- S5.00 degrees. Target azimuth 3.00 degrees.,

Frobability of Radar lletection is .433. Random numher is ,441.
Red 3 is not detected.,

Red 4 Mission Coce 118 Speed 700.00 fps, Time 730.00

Position?! X{(1): 10045760.00 X(2)?! 10346751.00 X(3)} -2100.00

Velocity?! X(1)$ ~.3396 xX(2): -.9406 X(3): + 2000

Radar range, Blue 1 to Red 4 is 219055.16 feet

Fadar detection limits are?

Elevation: Upper -9.96 deqrees, Lower 6.04 degrees,
Target elevation is 3.33 degrees.,
Azimuth limits are! +/- 353.00 degrees. Target azimuth 3,26 degrees,

Frobahility of Radar lletection is .425. Rundom numbher is 745,
Red 4 is not detected.
Red 5 Mission Code 118 Speed 700.00 fps, Time 730,00

Fosition? X(1)! 100646236.00 X(2): 10348047.00 X(3)! -2300.00
Velocity! X{1): -+3396 X(2): -+9406 X{3): + 0000
Radar range, Blue 1 to Red 5 is 220030.17 feet
Radar detection limits are!
Elevation: Upper -95.96 deqgrees, Lower 6.04 degrees.
Target elevation is 3+26 degrees,
Azimuth limits are! +/- 55,00 degrees. Target azimuth 3.32 degrees,

FProbability of Radar [letection is .416. Random number is .785,
Red S is not detected.

Red 6 Mission Code 118 Speed 700.00 fps, Time 730,00

Position! X(1): 10046712,00 X(2)! 10349383,00 X(3): -2500.,00

Velocity: X(1): -+3396 X2 -.9406 X(3): 0000

Radar range, Blue 1 to Red 6 is 221009.91 feet

Radar detection limits are!

Elevation?! Upper -9.96 degrees, Lower 6:04 degrees.,
Target elevation is 3.18 degrees.
Azimuth limits are! +/- 355.00 deqrees. Target azimuth 3.78 degrees.,

Frobability of Radar Detection is .408. Random number is ,S27.
Red 6 is not detected.,

Red 7 Mission Code 118 Speed 700,00 fps, Time 730.00

Fosition?: X(1): 10067188,00 X(2): 10350699.00 X(3)! -2700.00

Velocity: X(1)? -+ 33%4 X(2) -, 9406 X3 0000

Radar range, Elue 1 to Red 7 1s 221994,33 feet

Radar detection limits are:

Elevation! Upper -5.,96 degrees, Lower 6.04 degreex.
Target elevation is 3.11 degrees.
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Azimuth limits arel +/- G5,00 degrees. Targei azimuth 4.03 degrees.
Probability of Radar Lletection is .400. Random number is ,481,
Red 7 is not detected.
Red 8 Mission Code 118 Speed 700.00 fps, Time 730.00
Position?! X(1)! 100467664.00 X(2)! 10352015.00 X(3): -2500.00
Velocity: X(1)2 -+3396 X(2): -+9406 X{3): . 0000
Radar range, Biue 1 to Red 8 is 222983.36 feet
Radar detection limits are!

Elevation: Upper -3.96 deqrees, lLower 6.04 degrees.
Target elevation is 3.04 degrees.,
Azimuth limits arel! +/- 355,00 degrees. Target azimuth 4,28 degrees.

Frobability of Radcr [etection is 392, Random number i1s ,768,
hed 8 is not detected.

Red 9 Mission Code 114 Speed 50.00 fps, Time 730.00

Position: X(1)! 10043200.00 X(2): 10301760.00 X(3): -11408.03

Velpcity: X(1): -.1417 X(2): -.9899 X(3)¢ +0000

Radar range, Blue 1 to Red 9 is 191363.45 feet

Radar detection limits are!

Elevationt Upper ~5.96 degrees, Lower 6,04 degrees,
Target elevation is 1,22 degrees,
Azimuth limits are! +/- S5.00 degrees, Target azimuth 8.64 degqrees.,

Frobability of Radar lletection is .655. Random number 1 .427.
Red 9 is detected,

Red 10 Mission Code 114 Speed 90,00 fps, Time 730,00

Fosition: X(1): 10044126,00 X(2): 10302940.00 X{(3)! -11408.03

Velocity: X(1): ~.1417 X2y -.9899 X{3): L0000

Radar range, Blue 1 to Red 10 is 191756.98 feet

Radar detection limits are:

Elevation! Upper -9.96 degrees, Lower 6.04 degrees,
Target elevation is 1.21 degrees.
Azimuth limits are! +/- 355.00 degrees. Target azaimuth 8,21 degrees.

Frobability of Radar Dletection is +652. Rondom numher is ,785,
Red 10 is not detected.

Red 11 Mission Code 114 Speed 850.00 fps, Time 730.00

Fosition?! X(1)! 10060232.00 X(2)!: 10310758,00 X(3)! -1530%9.75

Velocity: X(1)! v 5163 X(2): -.8561 X{3)¢ -.0044

Radar range, Blue 1 to Red 11 is 189149.11 feet

Radar detection limits are!

Elevation?! Upper ~5.94 degrees, Lower 6.04 degrees.

Target elevation is +06 degrees.
Azimuth limits are! +/- 55,00 degrees. Target azimuth 2.87 degrees.
Frobability of Radar [ietection 1s .674. Random number is .121,

Red 11 is detected.
Red 12 Mission Code 114 Speed 850,00 fps, Time 730,09
Position? X(1)3 10063848.00 X(2)! 10312403,00 X(3): -15406.32
Velocaty: X(1)3 + 5163 X(2)3 -.8561 X{3): -.0244
Radar range, Blue 1 to Red 12 is 188749.30 feet
Radar detection limits are!

Elevation: Upper -9.96 deqrees, Lower 6:.04 degrees,
Target elevation is .04 degrees,
Azimuth linats are! +/- G5S5.00 degrees. Target azimuth 1,47 cegrees,

Frobability of Radar Detection 1s 4677, Randon number 1s L9383,
Red 12 is not detected.
Red 41 Mission Code 114 Speed 850.00 fpx, Tine 730,00
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[ Q\ Fosition: X(1:! 9921841.00 X(2)?! 1041723C.00 X(3:! ~13026.48
‘?‘ Velocity: X(1)¢ .1841 X(2): -.9829% X(3): +0000
1 Radar range, Elue 1 to Red 41 is 397529.28 feet
Radar detection limits are?
Elevation! Upper ~5.96 degrees, Lower 6.04 degrees,
. Target elevation is -,23 degrees.
E- pAzimuth limits ared +/- 55,00 degrees. Torget azimuth 13.10 degrees.
Probability of Radar Detection is .000. Random number is .617.
Red 41 is not detected,
¥ Red 42 Mission Code 114 Speed B850.00 fps, Time 730.00
5 Position! X(1): 9922339.00 X(2)! 104138665.00 X(3i: -13024.,68
Velocity: X(i): + 1841 X¢2)3 -.9829 X(3): +0000
- Radar range, Flue 1 to Red 42 is 358265.34 feet
E. Radar detection limits are!
Elevation: Upper -5.96 degrees, Lower 6,04 degrees.
Target elevation is -.23 degrees.

Azimuth limits aqre! +/- 355.00 degrees. Target azimuth 12.87 degrees.,
Probability of Radar Detection is .000, Random number is ,756.
Red 42 is not detected.
Red 43 Mission Code 114 Speed 850.00 fps, Time 730,00
Pesition: X(1)! 9920744,00 X(2): 10423095,00 X(3): -19337.86

"EVV*' Caiuirtere o
.

o Velocity: X(1)? +1841 X¢(2): -.982¢9 X(3): » 0000

P - Radar range, Blue 1 to Red 43 is 362588.25 feet

- Radar detection limits are!

o Elevation! Upper -5.96 degrees, Lower 6.04 degrees,

N f"g Target elevatian is -1.24 degrees.

- Azimuth limits are! 4/~ 55.00 degrees. Target a-imuth 12,62 dejrees,

Probability of Radar Detection is .000, Random number is ,922,
Red 43 is not detected.

Red 44 Mission Code 114 Speed 850,00 fps, Time 730,00

Fosition: X(1)? 9921449,00 X{(2)! 10424510.00 Xi3)! -19337.864

Velocity: X{1): + 1843 X(2): -.9829 X(3): » 0000

Radar range, Blue 1 to Red 44 is 363201.75 feet

Radar detection limits are?

Elevation: Upper -5.946 degrees, Lower 6.04 degrees,

Target elevation is ~1.24 degrees.

Azimuth limits are! +/- 55.00 degrees. Target azimuth 12.39 degrees.

Probability of Radar DNetection is .000, Random number iz ,014,
Red 44 is not detected.

Nthrt Elue(1) = 2 Tine! 730.00 Flag = 1, Msn Code = 120
Threat Call Signs are! 11 9 0 0 0
Threat Ranges are! 1891469.11 191343.45 $99999.,00 999999.00 ©$99999.,00

Example 4. Radar Detection

In Example 4 above, none of the low targets were detected btecause cf a
run of 'high® random numbers. In turning to an intercept headirg for Red

11y the fighter put all the targets just ocutside the limits of the radar,
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¢s will be seen in tte followirg figure, and no targets are detected on the

rext radar sweep, This causes the fighter to be reassigned to the CAP

(Miscion Code 111).

Flue 1, Mission Code 120, Speed 635.00 fps, Time 735.00
Position! Xf71): 10155098.00 X(2): 10148995,00 X(3): ~-19828.59

Velocity: X{1)? -.9931 X(2): -.1117 X(33)3 .0348
Red 1 Mission Code 118 Speed 700.00 fp=<, Time 735.00
Fositiont X:{1)! 10063142.00 X(2): 10339513.00 X(3): -1500.00
Valocity! X(1): -, 3396 X(2):  -.9406 X(3): +0000

Radar range, Rlue 1 to Red 1 is 212340,70 feet
Radar detection limits are:

Elevation: Upper -4,99 deqrees, Lower 5,41 degrees.

Target elevation 1is 2,95 degrees.
Azimuth limits are! +/- 55.00 degrees. Target azimuth 70.65 degrees.
Red 2 Mission Code 118 Speed 700.00 fps, Time 735,00
Fosition! X(1): 10063618.00 X(2)! 10340829,00 X(3): -1700.00
Velocity?: X(1): -.3396 X(2): -.9406 X(3)¢ « 0000
Radar range, Blue 1 to Red 2 1s 213300.58 feet
Radar detection limits are?

Elevation: Upper -6.59 degrees, Louwer 5.41 degrees.

Target elevation is 2.88 degrees.,
Azimuth limits are! +/- 55.00 degrees. “urget arnimuth 70.92 degrees.
Red 3 Micsion Code 118 Speed 700,00 fps, Time 735.00
FPosition: X(1)! 10064094.00 X(2)! 10342145.00 X<(3): -1900.00
Velocity: X(1)2 -:3396 X(2)3 -,9406 X{(3): +0000
Radar range, BRlue 1 to Red 3 is 214255,48 feet
Radar detection limits are:l

Elevation?: Upper -6.,59 degrees, Lower 5+.41 degrees.

Target elevation is 2+.80 degrees.
Azimuth limits are! +/- 395.00 degrees. Target azimuth 71.19 deqrees.
Red 4 Mission Code 118 Speed 700.00 fps,y, Time 73%.00

Fosition! X(1)! 10044570.00 X(2): 10343461.00 X(3): -2100,00
Velocity: X(1)3 -+ 3396 X(2): ~+94064 X{3): +0000
Radar range, Klue 1 to Red 4 is 215235.34 feet
Ridar detection limits are:
Elevation: Upper -46.,59 degrees, Lower 9.41 degrees.
Target elevation is 2.73 degrees.

Azimuth limits are! +/- 355.00 degrees. Target acimuth 71.44 degrees.,
Red S5 Mission Code 118 Speed 700.00 fpsy, Time 735.00

Fosition! X(1)! 10085046.00 X(2): 10344777.00 Xi(3)3 =-2300.00
Velocity?!: X(1): -,3396 X¢2): -.9406 X{3): + 0000
Radar range, Flue 1 to Red 5 is 216210.13 feet
Radar detection limits are:
Elevation! Upper -6.,59 degrea2s, Lower 5.41 degrees.
Target elevation is 2,45 degrees.

-

Azimuth limits are! +/- 355.00 degrees. Target arimuth  71.72 degrees.
Red & Mission Code 118 Speed 700.00 fps, Tite 715,00

Fosition: X(1): 10085522.,00 X(2): 10344093.00 Xi3)3$ =2300.0°0
Velocity? X(1)3 -.3396 X{2): -+9404 xX{3}¥3 . 0000
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o ’? Radar range, Blue 1 to Red & is  217189.70 feet
Fadar detection limits are:
Elevution! Upper -6.39 degrees, Lower 5.41 degrees.,
Target elevation is 2.58 degrees.

Azimuth limits are! +/- G55.00 degrees, Target czimuth 71.98 degrees.
Red 7 Mission Code 118 Specc 700.00 fps, Time 735.00
Position:? X(1)! 10065998.00 X(2)! 10347409.00 X{3): -2700.00
. Velocity: X(1)3 -.33%96 X2 -+9406 X33 »0000
Rndar range, Rlue 1 to Red 7 is 218174.05 feet
Radar detection limits are!

Elevation! Upper -6.59 deqrees, Lower 5.41 degrees.
Target elevation is 2,51 degrees.
N Azimputh limits are! +/- 355,00 degrees., Target azimuth 2,24 deqrees.,
. Red 8 Mission Code 218 Speed 700.00 fps, Time 735.00
- Fosition! X(1)! 10066474.00 X(2): 10348725.00 X(3): -2900.00
Veleocity: X(1)3 -.33%96 X(2): -.9406 X(3): . 0000

Radar range, Blue 1 to Red 8 is 219143.09 feet
Radar detection limits aqre:
Elevation: Upper -6.,59 degrees, Lower S+41 degrees,
Target elevation is 2,43 degrees.
Azimuth limits are! +/- 355.00 degrees, Target azisuth 72,49 degrees.,
Fed 9 Mission Code 114 Spezd B8%90.00 fps, Time 735,00
Position? X(1): 100424600.00 X(2)! 10297555.00 X(2): -11408.03

Velocity: X(1): -.1417 X(2): -.9899 X(3): .0000
{ Radar range, Blue 1 to Red 9 is 185538.16 feet
“{ Radar detection limits are!
R Elevaticn: \Upper -6.59 degrees, Lower 5.41 degrees.
Target elevation is + 39 degrees.
/= 5 9,00 degre es., Target azimuth  59.28 degrees.

Red 10 Mission Code 114 Speed 850.00 fps, Time 735.00
Position! X(1): 10043526.00 X(2>: 10298735.00 X(3): -11408,03
Velocity: X(1): -.1417 X(2)3 -.9899 X(3): +2000
Fadar range, Blue 1 to Red 10 is 186975.08 feet

Radar detection limits are: ]

Elevation: Upper -6.39 degrees, Lower S+41 degrees.

Target elevation is .59 degrees. 1
by Azimuth limits are! +/- 55,00 degrees, Target azimuth 59,73 degrees. '
] Red 11 Mission Code 114 Speed 830.00 fps, Time 735,00

Fosition?! X(1): 10059422,00 X(2)>: 10306388.00 X(3): -15309.75

Yelocity: X(1)¢ -.1903 X(2)3 -.9817 X(3)¢ +0000

Radar range, Rlue 1 to Red 11 is 184416.80 feet 1
S Radar detection limits arel ]
q Elevation: Upper -6.,59 deqrees, Lower S.41 degrees., 1

Target elevation is -+.59 degrees.

Azimuth limits are! +/- 55.00 degrees., Target azimuth 45,16 degrees.

Red 12 Mission Code 114 Speed B850.00 fps, Time 735.00 1

Fosi1tion? X(1): 10066043.00 X(2)!: 10308763.00 X(3): -15510.33

Velocity: X(1): «5163 X(2)3 -.8561 X{3): -,0244 j
q9 Radar range, Elue 1 to Red 12 is 182961.56 feet {
. Radar detection limits are!
-, Elevation: Upper -6.39 degrees, Lower .41 degrees,
o Target elevation 1s -.44 degrees.

Azimuth limits are! +/- 55,00 degrees., Target azimuth &T.22 aeqrees,
Red 41 Miscion Code 114 SpeengSS0.00 fpsy Time 735,00

Ll AR A g o

Py




TITEwW S T TN W m v ow . w w v ws s

Pos:tion? X(1)?! ©922423,00 X(2)! 10413075.00 X(3): -13026.48
Velocity? X(1): +1841 X(2): -, 7829 X:3: . 0000
Fadar range, Elue 1 to Red 41 is 351892.91 feet
Radar detection limits are!

Elevationt Upner -6.59 degrees, Lower S5.41 degrees.

Target elevation is -+89 degrees,
Azimuth limits are! +/- 355.00 degrees. Target azimuth 55,06 degrees.
Red 42 Mission Code 114 Speed 850.00 fps, Time 735,00
Fosition? X(1): 992312100 X(2)! 10414490,00 X{(3): -13026.48

Velocity! X(i1): . 1841 X¢2): -,9829 X(333 +0000
Redar range, Rlue 1 tc Red 42 is 352628.22 feet
Radar detection limits are?
Elevation: Upper ~6.59 degrees, LoweT S.41 degrees.,
Target elevation is ~+89 degrees.

Azimuth limits are! +/- 55,00 degrees. Target arimuth 55.27 degrees.,
Red 43 Mission Code 114 Speed 850.00 fps, Time 735.00
Fosition?! X{1)! 9921528.00 X(2): 10418920.00 X(3)? -19337.86
Velocity: X(1)1 +1841 X(2): -+9829 X(3): +0000
Radar range, Rlue 1 to Red 43 is 394951.19 feet
Radar detection limits are!

Elevation! Upper -6.59 degrees, Lower 3.41 degrees.

Tarqget elevation 15 -1.91 deqrees.
Azimuyth limits are! +/- 355.00 degrees., Target azimuth  55.55 degrees.
Red 44 Mission Code 114 Speed 850.00 fps, Time 735.00
Fosition! X{1)?! 9922234.00 X(2)! 10420335.00 X(3): -19337.84

Velocity?! X<(i)t +1843 X{2)$ -.9829 X{3: +0000
Radar range, Blue 1 to Red 44 is 357562.22 feet
Radar detection limits are?

Elevation!: Upper -6.,59 degrees, Lower S.41 deqrees,

Target elevation is -1.91 degrees.
Azimuth limits are! +/- 55.00 degrees. Target azimuth 55.78 degrees.,

Nthrt Rlue(l) = 0 Time! 735,00 Flag = 1, Men Code = 120
Threat Call Signs are! 0 0 0 0 0
Threat Ranges are: 99999%9.00 99999%9.00 999999.00 999999.00 999597.00

Example 5. Radar Detection

In turning back to the CAF, the fighter detects the targets again and be-

gins another intercept, as seen in Example 6:

BRlue 1, Mission Code 111, Speed 610.00 fps, Taime 740.00
Fosition: X(1)? 10152140.,00 X(2)! 10149B803.00 X(3): -19732.22

Velocity: X(1): -.8631 X(2)3 + 02044 X(3): 0268
Red 1 Mission Code 118 Speed 700.00 fps, Tinme 740,00
Fosition? X(1): 10061952.00 X(2): 10334223.00 X(3): -1500.00
Velocity: X -.3396 X(2)! -.9404 X{3)2 » 00008

Radar range, Klue 1 to Red 1 is 207897.98 feet
Radar detection limits are!
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Elevationt! \Upper -2.00 cegrees, Lower B.00 degrees.,
Target elevation is 3.47 degrees.
Azimath limits are! +/- ©3.,00 degrees. Target azimuth 33,68 degrees.
Probability of Radar Detection is 518, Random number is 962,
FRed 1 is not detected.
Red 2 Mission Code 118 Speed 700.00 fps, Time 740,00
Fosition! Xt(1)?: 10062428,00 X(2): 10337539.00 X(3): -1700.00

Velocity! X(1)% -,3396 X(2):  -.9404 X3! + 0000
Radar range, Elue 1 to Red 2 is 208856.53 feet
Radar detecticn limits are!
Elevationi Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.41 degrees.

Aziruth limits ared +/- 55.00 degrees. Target azimuth 34.15 degrees.
Proibaoility of Radar Detection is +310. Random number is 231,
Rad 2 is detected.
Red 3 Mission Code 11B Speed 700,00 fps, Time 740.00
Positiont X{1): 10062904,00 X(2): 10338855.00 X{3)! -1900.00
Velocity: X(1)} -.3396 X{2): -+9406 X(3)2 +0000
Radar range, Hlue 1 to Red 3 is 209820.,22 feet
Radar detection limits are:
Elevaticn! Upper -2.00 degrees, lLower 8.00 degrees.
Target elevation is 3.34 degrees.
Azimuth limits ares +/- 355,00 degrees. Target azimuth  34.43 degrees,
Probability of Radar Detectiorn is ,501. Random number is .126.
Red 3 is detected.
Red 4 Mission Code 118 Speed 700.00 fps, Time 740,00
Fosition: X(13): 1004633B0.00 X(2)! 10340171.00 X{(3): ~2100.00
Velocity: X(1)2 -.3396 X(2): -.9406 X(3)3 + 0000
Radar range, Rlue 1 to Red 4 is 210788.98 feet
Radar detection limits are!
Elevation: Upper -2.00 deqrees, Lower 8.00 degrees.,
Target elevation is 3.26 degrees.,
Azimuth limits are! +/- U55.00 degrees. Target azimuth  34.70 degrees.
Probability of Radar Detection is .493. Random number is .407.
Red 4 is detected.
Red 5 Mission Code 118 Speed 700.00 fpsy, Time 740.00

Fosition: X(1): 10063856.00 X(2)¢! 10341487,00 X(3): -2300.00
Velocity: X(1)3 -+3396 X(2): -.9404 X(3): +0000
Radar range, Blue 1 to Red S is 211762.77 feet
Radar detection limits are!
Elevation! Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is 3.18 degrees.,

Azimuth limits are! +/- 35.00 degrees. Target azimuth 34,97 degrees.
Probability of Radnr Detecticn is ,485, Random number is .001,

Red 5§ is detected.
Red é Mission Code 118 Speed 700,00 fps, Time 740,00
Fosition: X(1):! 10064332.00 X(2): 10342802,00 X(3! =2200,00
Velocity: X(1)2 -,3396 X(2)3 -+9406 X(3): +0000
Radar range, Flue 1 to Red 4 is 212741.48 feet
Radar detection limits are!

Elevation: Upper -2,00 degrees, Lower B.+.00 degrees.,

Target elevation is 3.11 degrees.,
Azimuth limits are! +/- 55,00 degrees. Target asimuth 35,23 degrees.
Frobability of Radar Detection 1s .477. Random number 1s 709,
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Red €& is not detected.

Position!?

Velocity:

Radar range, Blue 1 to Red 7 is

Radar detection limits are!l
Elevation: Upper
Target elevation is

Azimuth limits are:

Frobabilily of Radar Detection is
Red 7 is detected.

X(1): -.3396

4
’

Fosition? X(1):! 10065284.,00 X(2):

Yelocity?! X(1): -:33946

Radar range, Blue 1 to Red 8 is

Radar detection limits are!
Elevation! Upper
Target elevation is

Arimuth limits are! +/-

FProbability of Radar Detection is
Red 8 is detected.

Position: X(1): 10042000.00 X(2):

Velocity: X(1): -.1417

Rndar range, Rlue 1 to Red 9 is

Radar detection limits are?
Elevation! Upper
Target elevation is

Azimuth limits are! +/-

Frobability of Radar [letection is
Red ¢ is detected.,

Position? X(1): 10042926.00 X(2):
Velocity: X(1): -.1417 X(2)¢
Radar range, Blue 1 to Red 10 is
Radar detection limite are!
Elevation: Upper
Target elevation is

: Y
b Azimuth limits are! +/- 55,00 degrees. Target azimuth 22,846 degrees. 1
tﬁ Probability of Radar Detection is +737. Random numbher is .467. B
A Red 10 is detected. »
E Red 11 Mission Code 114 Speed 850.00 fps, Time 740.00 .
» Positiont X(1): 10058612,00 X(2)! 10302418.00 X(3): -13309.75 : ;
e Velocity: X(1): -,1903 X¢2)t -.9817 X(3): +0000 -
; Radar range, Blue 1 to Red 11 is 179057.30 feet )
; Rador detection limits are! ]
. Elevation! \Upper -2,00 deqrees, Lower 8.00 degrees. ]
; Target elevation is ~.12 degrees., ]
g Azimuth limits are: +/- 55.00 degrees, Target azimuth  28.19 degrees. }
r Frobabilaity of Radar Detection is .758, Random number 16 712, B
- Red 11 is detected. :
. Red 12 Mission Code 114 Speed 850.00 fps, Time  740.00

P Fosition: X(1)! 10068238.00 X(2)! 10305122.00 X(3):  -15514,13 ]
; Velocity: X(1): ¢ 5163 X(2): -.8561 X{3): -.0244 -
U

s 93 :

Red 7 Mission Code 118 Speed 700.00 fps,

Red 8 Mission Code 118 Speed 700.00 fps,

Red 9 Mission Code 114 Speed 850.00 fps,

)
3
)
Time 740,00 ;
X(1): 10064808.00 X(2)! 103441.9.00 X(3)? -2700.00 3
X(2): -.9406 X¢3): +0000 ;
213725.06 feet \
~2,00 degrees, Lower 8.00 cegrees. J
3.03 degrees. q
= +55.00 degrees. Target azimuth  35.49 degrees.

+469, Random number is ,013.
Time 740.00 g
10345435,00 X(3): =2900.,00 ]
X(2): -.9406 X(3): +0000 J
214713.,45 feet ]
-2,C0 degrees, Lower 8.00 degrees., {
2.96 degrees. )
55.00 degrees. Target azimuth 35,74 degrees. 3
+461., Random number 1s ,264. o
Time 740.00 ;

10293350.00 X(3):  -11408,03

X2t -.9899 X(3): 0000

181134,44 feet 4

-2.,00 degrees, Lower
1,10 degrees.
55.00 degrees. Target azimuth

Red 10 Mission Code 114 Speed B850.00 fps,

-2.00 degrees, Lower
1.09 degrees.
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8.00 degrees.

22.20 degrees.

+741, Random number is ,148, k
740.00
-11408,03

. 0000

Time

10294530.00 X(3)¢
-.9899 X{3):

181512.,22 feet

8.00 degrees.
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"'ﬂ ’! Radar range, Flue 1 to Red 12 is 176588,63 feet
Fadar detection limits are!
REN Elevation! Upper -2.00 deqrees, Lower B8.00 degrees.
- Target elevation is -.20 degrees,
' Azimuth limits are! +/- 955,00 degrees, Target azimuth  31.32 decrees.
Procability of Radar Detection is +778. Random number is .687.
Red 12 is detected.
Red 41 Mission Code 114 _ Speed 8%0,0C fps, Time 740.00
Position: X(1): 9923403.00 X(2): 10408%00.00 X(3): -13026.48
Velocity?! X(1)3 +1841 X(2): -.9829 X(33): +0000
Radar range, Blue 1 to Red 41 1s 345693.56 feet
Radar detection limits are?
Elevation: Upper -2.,00 degrees, Lower 8,00 degrees.
Target elevation is ~+42 degrees.
Azimuth limits are! +/- 55,00 degrees. Target azimuth 18.26 degrees.
Probability of Radar Detection is 000, Random number is ,284,
Red 41 is not detected.
Red 42 Mission Code 114 Speed 850.00 fps, Time 740.00

’iiiﬁ“‘v';?i
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Position! X(1)! 9923903.00 X(2)! 10410315.00 X(3): -13026.48
Velocity?! X(1)3 »1841 X{2): -,9829 X{3): +0000
X Radar range, Rlue 1 to Red 42 1s 346427.03 feet
: Radar detection limits are:!
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is -+43 degrees.
fzimuth limits are? +/- G55.00 degrees. Target azimuth 18.47 degrees.,
: ;’{ Probability of Radar Detection is .000. Random number 1s ,410,
s Red 42 is not detected.
. Red 43 Mission Code 114 Speed §830.00 fpsy, Time 740,00
Position: X(1)! 9922310.00 X(2): 10414745,00 X(3): -19337.86
Velocity! X(1)i +1841 X(2): -.9829 X(3)3: « 0000
Radar range, Blue 1 to Red 43 is 350748.31 feet
Radar detection limits arel
Elevation: Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is -1,47 degrees.
Azimuth limits are! +/- 35.00 degrees. Target azimuth 18.746 dearees.
Probability of Radar Detection is ,000. Random number is ,392.
: Red 43 is not detected.
. Red 44 Mission Code 114 Speed 8%50.00 fps, Time 740,C0
N Position!: X(1)! 9923019.00 X(2): 10416160.00 X{3)?: -19337.86
- Velocity: X(1): +1843 X(2): -.9829 X(3): +0000
- Radar range, Blue 1 to Red 44 is 351355.59 feet
P Radar detection limits are?
p- Elevation! Upper -2.00 degrees, Lower 8.00 degqrees.
. Target elevation is -1,47 degrees.
. Azimuth limits are! +/- 55,00 degrees. Target azimuth 18,99 degrees.
R Probability of Radar Dletection is ,000., Random number is .241.
o Red 44 15 not detected.
. Nthrt Blue(l) = 10 Time: 740,00 Flag = 1, Hsn Code = 111
L Threat Call Signs are: 12 11 9 10 2
. Threat Ranges are: 176588.63 179097,.30 181134.,44 181512,22 206356.53
P

Example 6. Radar Detection .
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Picking up the intercept, the fighter will continue it until reaching
lock-on range of 90,000 feet (15 Nautical M:les). The pilot normally does
this to get as much information as possible about the tactical situation in
front of him. As svon as he locks on, the radar begins tracking o single

target and he gets no information about any other targets,

Rlue 1 committed from CAP 1, Time! 741.00
Rlue 1, Mission Code 120, Speed 635.00 fps, Time 745,00
Position? X(1)! 10150856.00 X(2)!: 10152644.00 X(3)! -19644,34

Velocity: X(1): ~.4182 X(2): + 9081 X<(3): +0217
Red 1 Mission Code 118 Speed 700.00 fps, Time 745.00
Fosition: X(1)3 1C060762.00 X(2): 10332933.00 X(3): -1500,00
Velocity! X(1)!: -.3396 X(2): -.9406 X{3)3 +0000

Radar range, Rlue 1 to Red 1 is 202363,53 feet
Radar detection limits qre!

Elevation?! Upper ~5.91 degrees, Lower 6,09 degrees.,
Torget elevation is 3.90 degrees.
Azimusth limits are! +/~- 355,00 degrees. Target azimuth 1.83 degrees.

Frobability of Radar Detection is .564. Random number is .508.
Red 1 is detected.

Red 2 Mission Code 118 Speed 700.0C fps, Time 745,00

Position! X(1)! 10061238,00 X(2): 10334249.00 X(3): -17¢0.,00

Velocity?! X(1)¢ -+3394 X(2): -.9406 X{3): +0000

Radar range, Blue 1 to Red 2 is 203308.83 feet

Radar detection limits are!

Elevation: Upper -5.91 degrees, Lower 6,09 degrees.
Target elevation is 3.82 degrees.
Azimuth limits are! +/~ 55.00 deqgrees. Target azimuth 1.54 degrees.

Frobability of Radar [leteciion is .55é6. Random number is 4435,
Red 2 is detected.,

Red 3 Mission Code 118 Speed 700,00 fpsy, Time 745,00

Fosition: X(1): 10061714,00 X(2): 10335565.00 X(3): -1900.00

Velocity: X(1): -.3396 X(2)3 -, 9406 X(3)?* +0000
Radar range, Blue 1 to Red 3 is 204259,355 feet
Radar detection limits are!
Elevation: Upper -5.91 degrees, Lower 6.09 degrees,
Target elevation is 3+74 degrees.,
Azimuth limits are! +/- 355,00 degrees. Target azimuth 1,26 degrees.
frobability of Radar Dletection is ,548, Random number is 535

Red 3 is detected,
Red 4 Mission Code 118 Speed 700.00 fps, Time 745,00
Fosition? X(1)?} 10062190.00 X{(2): 10334881.00 X(3)3: -2100.00

Velocatv?! X(1): -:3396 X(2): -.9404 X(3)3 «0000
Fkadar range, Blue 1 to Red 4 is 205219,39 feet
Radar detection limits are:
Elevation: Upper -5.91 degrees, Lower 6,09 degrees.
Target elevation 1s 3.66 degrees.
Azimuth limits are! ¢/~ 55,00 degrees. Target aZimuth +97 degrees.,
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Probability of Radar Detection 1is
Red 4 is detected.
Red 5 Mission Code 118 Speed
Position?: X(1)! 10062666.00 X(2
Velocity?: X{(1)! -. 2396 X2
Radur range, Rlue 1 to Red 5 is
Radar detection limits are!
Elevation: Upper -5.91 degr
Target elevation is *3.58 deg
Azimuth limits ure! +/- ©5.00 de
Frobability of Radar letection is
Red S 1s not detected.
Red 6 Mission Code 118 Speed
Fosition: X(1): 100463142,00 X(2
Velocity: X(1)? -. 3396 X(2
Radar range, BRlue 1 to Red 6 is
Radar detection limits are!
Elevation! Upper -5.91 degr
Target elevation is 3,30 deg
Azimuth limits are: +/- S5.00 de
Frobability of Radar [letection is
Red 6 is not detected,
Red 7 Mission Code 118 Speed
Position! X(1)! 1006341B.00 X(2
Velocity?! X(1): -, 3396 X(2
Radar range, Biue 1 to Red 7 is
Radar detection limits are?
Elevation! Upper ~5.91 degr
Target elevation is 3,43 deg
Azimuth limits are! +/- 355.00 de
Frobability of Radar Netection is
Red 7 is not detected.
Red 8 Mission Code 118 Speed
Position! X(1)! 10064094.00 X(2
Velocity: X(1)? -.3396 X2
Radar ronge, Blue 1 to Red 8 is
Radar detection limits are!
Elevation! Upper

Target elevation is 3.35 deg

Azimuth limits are! +/- 55.00 degrees. Target azimuth

Frobability of Radar [letection is
Red 8 is detected.
Red 9 Mission Code 114 Spead
Position! X(1)! 10041400.00 X(2
Velocity: X(1): -.1417 X(2
Radar range, Blue 1 to Red 9 is
Radar detection limits are!
Elevation: Upper
Target elevation is 1,45 deg
Azimuth limits are! +/- 3535.00 de
Frobability of Radar [ietection is
Red 9 is detected.
Red 10 Mission Code 1i4 Speed
Fosition? X(1): 10042326.00 X(2

-35.91 degrees, Lower

-5.91 degrees, Lower

+540, Rcncom rumber 15  .314,

700.00 fps, Time 745,00

y! 10338197.00 X(3): =2300.00

3P -.9406 X¢3): +0000
206176.89 feet

ees, Lower

reec,

grees, Target azimuth +69 degrees.,
+532. Random number is .624.

6.09 degrees.

700,00 fps, Time 745.00

)i 103395:3.00 X(3)2 -2500.00

) ~.9406 X(3): «0000
207143,39 feet

ees, iLower

Tees.,

grees. Target azimuth +42 degrees.
+ 524, Rondom number is .856.

6,09 degrees.

700.00 fpsy Time 745,00

)i 10340829.00 X(3): -2700.00

' -.9404 X{3): +0000
208115.00 feet

ees, Lower .09 degrees.

rees.

grees. Target azimuth +14 degrees.
+916. Random number is &30,

700,00 fpsy Time 745,00

)i 10342145,00 X{3! -2900,00

) -.94064 X(3): + 00090
209091.64 feet

6.09 degrees.

rees.

+12 degrees.
+508. Random number 1s 343,

850,00 fps, Time 745,00

) 10289145,00 X(3): -11408,03

) -.9899 X{3): + 0009
1751560.80 feet

6,09 drgrees.

rees,

grees, Taraet ocimuth 14.00 degrees.
«790. Rondom number 1¢ 448,

850000 fpgy Tine 745,00
Yo 10290325.,00 X(3) -114083.,03
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Velocity: X{1)2 -.1417 X(2): -.9899 X(3): + 0000

Racar range, Hlue 1 to Red 10 is 175507.80 feet

Radar detection limits arel
Elevaticen?! Upper -95.91 degrees, Lower 6.09 degrees.,
Target elevation is 1,45 degrees.

Azimuth limits are! +/- 55,00 degrees. Target arimuth 13.52 degrees.
Probability of Radar Detection is ,787. Random numder is .185.
Red 10 is detected.,
Red 11 Mission Code 114° Speed B8%50.00 fps, Time 745,00
Fosition: X(1)?: 10057802,00 X{(2): 10298248.00 X(3): -15309.75
Velocity?: X(1): -.1903 X(2) -.9817 X(3): +0000
Radar range, Blue 1 to Red 11 is 172854.09 feet
Radar detection limits are?

Elevation: Upper -5.,91 deqrees, Lower 6,09 degrees.
Target elevation is +20 degrees.
Azimuth limits are! +/- 55.00 degrees, Target azimuth 7.86 degrees.

Probability of Radar Detection is .810. Random number is .041,
Red 11 is detected.

Red 12 Mission Code 114 Speed 830,00 fps, Time 745,00

Fosition? X{(1)?! 10070433.00 X(2)!: 10301483.00 X(3): -15717.93 '

Velocity: X(1)? ¢ 5163 X{2): -, 8561 X{3): -.0244

Radar range, Blue 1 to Red 12 is 169223,17 feet

Radar detection limits are?

Elevation! Upper -5.91 degrees, Lower 6.09 degrees.
Target elevation is +09 degrees.
Azimuth limits are! +/- 55,00 degrees. Target azimuth 3.66 degrees.,

Probability of Radar Detection is .840. Random number is .111,
Red 12 is detected.,

Red 41 Mission Code 114 Speed 850.00 fps, Time 745,00

FPosition: X(1)! 9924187.00 X(2): 10404725.00 X(3): -13025.468

Velocity: X(1)¢ +1841 X(2) 1 -.9829 X33 +0000

Radar range, Blue 1 top Red 41 is 339068.91 feet !
Radar detection limits arel 1
Elevation: Upper -5.91 degrees, Lower 6.09 degrees. ]
Target elevation is -+12 degrees. 3

Azimuth limits are! +/- 355.00 degrees., Target azimuth 17.24 deqrees.
Probability of Radar Detection is ,000. Random number is 197,

Red 41 is not detected.
Red 42 Mission Code 114 Speed B850.00 fpsy Time 745,00
Position: X(1)?: 99244B53.00 X(2): 104046140.00 X(3): -13025.48
Velocity!: X(1): +1841 X(2): -.9829 X(3): + 0000
Radar range, Rlue 1 to Red 42 is 339790,53 feet

Radar detection limits are:
Elevation! Upper -5.91 degrees, Lower 6.09 degrees.
Target elevation is -,13 degrees.,

Azimuth limits are! +/- 55,00 degrees. Target arimuth 17,02 degrees.
Probability of Radar Detection is ,000, Random number 15 148,
Red 42 is not detec’ed.
Red 43 Mission Code 4 Ffpr 850,00 fps, Time 745,00
Fosition! X(1): 9923097 .00 X{(2)! 10410570.00 X(3)1 -19337.,8%
Velocity?! X(1)3 +1841 X(2,8 -.9829 X(3)3 + Q000
Radar range, Flue 1 to Red 43 is 3440945,44 feet
Radar detection limits are!
Elevation: Uoper -5.91 degrees, Lower 6.09 degrecs.,

bl o
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-1.19 degrees.
55,00 degrees. Target azimuth
+000, Randoa number is

Target elevation is
Azimuth limits are! +/-
Probability of Radar Detection is

Red 43 is not detectzad.

Red 44 M:ission Code 114 Speed B850.00 fps, Time
Position! X(1)! 9923804,.00 X(2)! 10411985.00 X(3):
Velocity: X(1): +1843 X(2): -.9829 X(3):
Radar range, Blue 1 to Red 44 is 3444688,97 feet
Radar detection limits are:

Elevationt! Upper =-5:91 degrees, Lower

Target elevation is -1.19 degrees.
Azimuth limits are! +/- 55.00 degrees., Target azimuth
Probability of Radar Diztecticon is .000. Random number is

Red 44 is not detected.,

16,72 degrees.
+ 989,

745,00
-19237.864
+0000

6,09 degrees.

16.43 degrees.

« 502,
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Nthrt Blue(l) = 9 Time? 745.00 Flag = 1, Msn Code = 120
Threat Call Signs are! 12 11 9 10 1
Threat Ranges are! 149223.17 172854.09 1735160.80 175507.80 202363.53
Nthrt Riue(l) = 10 Time! 750.00 Flag = 1, Msn Code = 120
Threat Call Signs are: 12 11 9 10 1
Threat Ranges are! 161732.86 166591.95 169150.28 169483.94 196290.78
Nthrt Blue(l) = 8 Time: 755.00 Flag = 1, Msn Code = 120
Threat Call Signs are! 12 11 b4 10 1
Threat Ranges are! 154117,22 .140278.72 163113.44 163390,91 189547.84
Nthrt Blue(l) = 11 Time: 760,00 Flag = 1y Msn Code = 120
Threat Call Signs are: 12 11 9 10 1
Threat Ranges are! 1446376.23 153924.28 157063.48 157301.,50 182635.72
Nthrt Blue(l) = 11 Time: 765.00 Flag = 1, Msn Code = 120
o Threat Call Signs are! 12 11 9 10 1
= Threat Ranges are! 138509.52 147340.41 151015.97 151210.86 175603.88
:ﬁ: Nthrt Blue(1) = 11 Time? 770.00 Flag = 1, Msn Code = 120 ]
{{_ Threat Call Signs are: 12 11 9 10 2 i
?’ Threat Ranges are! 130517.48 141141,70 144990.94 145138.38 1697938.81 ﬁ
3 Nthrt Blue(1) = 12 Timei 775,00 Flag = 1, Msn Code = 120
9 Threat Call Signs are! 12 11 9 10 1
[ Threat Ranges are! 122400,09 134745.469 139009.92 139109.39 16118T.66
5‘ Nthrt Blue(1l) = 11 Time: 780.00 Flag = 1, Msn Code = 120
- Threat Call Signs are! 12 11 9 10 1 ﬁ
3 Threat Ranges are! 114157.85 128374,32 133098.53 133134,98 153801.91
- Nthrt Elue(1l) = 12 Time? 785.00 Flag = 1, Msn Code = 100
- Threat Call Signs are! 12 11 10 9 1
F’ Threat Kanges are! 103790.29 122093,13 127263.70 1107288.33 146303.27 q
; - Nthrt EBluye(l) = 12 Time: 790.0 Flag = 1, Msn Code = 120 )
N Threat Call] Signs are: 12 11 10 ? 1 1
Threat Ranges are:  97297.38 115B14.3% 121522.81 121417.70 178&%F1.56 1
98 ;
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Nthrt ERlue(l) = 10 Time! 795.00 Flag = 1, Msn Code = 120

Threat Call S:gns are: 12 11 10 9 3
Threat Fanges are.  BB479.43 1094%98.57 115959.64 116130,99 133623.23

Example 7. Radar Detection

As soon as the range is ress than 96,000 feet, the radar locks on to the
nearest target. The °"Flag' is changed to "2° and information is provided

about only the locked-up target as shown below in Example 8.

Elue 1, Mission Code 120, Speed 910.00 fps, Time 800.00
Fosition! X(1)! 10132578.00 X(Z)?! 10191141.,00 X(3)! -18724.54

Velocity: X(1)3 -+43460 X(2)3 «8997 X(3): +0223
Nthrt Rlue(l) = 1 Time: 800.00 Fiag = 2y Msn Code = 120
Threat Cali Signs are!: 12 -0 0 0 0

Threat Ranges are! 79936.33 999999.00 99999%9.00 99999%.00 999999.00

Example 8. Radar Detection

When the fighter is within tactical missile range (see Weapons Employment,
this chapter) o missile is launched and the °*Flag® is changed to '3°', indi-
cating o radar missile in flight. The radar will stay locked on until the
missile reaches the target, (pilot maneuvers permitting) so the missile can

track the target.

Blue 1 launched radar missile at Red 12, Range  47424.55, Time: 819,00

Rlue 1, Mission Code 120, Speed 1000.00 fps, Time 820,00
Fosition! X(1)! 10124113.,00 X(2)% 102038407.00 X(3)! -18294.36

Velocity: X(1): ~,4754 X(2): +8794 X(3): +0233
Nthrt Blue(l) = 1 Time: 820.00 Flag = 3, Msn Code = 120
Threat Call Signs are! 12 0 0 0 0

Threat Ranges are? 43728,84 999999.00 999992.00 9%9992,00 99979%.00

klue 1, Mission Code 120, Speed 1000.00 fps, Time 825,00
Fosition: X(1): 10121748.00 X(2)! 10212811.00 Xx(3): -18178.0%

Velocity! X(1)! -,4708 X(2): +8819 X(3)¢ «0232
Nthrt Blue(1) = 1 Time: 25.00 Flag = 3, Msn Code = 120
Threat Call Signs are! 12 0 0 0 0

Threat Fanges are: 34482,22 99999%.00 999999,00 999759,00 999955.00
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Blue 1, Mission Code 122, Speed 1000.00 fps, Time 830,00 q
Position: X(1)! 10119413.00 X(2)! 10217232,00 X(3)? -18062.53 )
Velociivsi X(1)! -.4640 X(2)3 »8855 X(3): +0230 R
Nthrt Biue(l) = 1 Time! 830.00 Flag = 3, Hsn Code = 120 -1
Threat Call Signs gre! 12 0 9 0 0 .
Threat Ranges are? 25236,29 999999.00 999999.,00 999999.00 999999.00 p

TE TR T E TR TR T TN AT AT LAY, YLy R M TR RTTRRATTTYTRT T AT T T TRy oy 7 Y

Elue 1, Mission Code 120, Speed 1000.00 fps, Time 835.00 4
Position! X(1): 10117125.00 X{2): 102216746.00 X(3): -17948.,25

case the radar returned to search, as seen in Example 10 below. All the

Velocity: X(1): -+4525 X(2): +8915 X(3): .0227 ;
Nthrt Elue(l) = 1 Time: 833,00 Flag = 3, Msn Code = 120 3
Threat Call Signs ared 12 0 0 0 0 -
Threat Ranges are: 15994,70 999999.00 999999.00 999999.00 999999.00 1
Red 12 shot down by radar missile, :
coord N 101116979.00, E 10233051,00 Time: £240.00 -

Example 9. Radar Detection d 4

L |

After the missile reaches the target, the radar either qoes back to search ]
)

{if the target waos killed) or remains locked on to the target. 1In this é
R

R

close targets are beneath the radar search pattern as indicated by the tar-

get elevation numbers well in excess of the radar elevation settings, The
two detected targets are too far away for any action to be taken, so the

fighter is reassigned to a CAP pattern (Mission Code 111).

Blue 1, Miscion Code 111, Speed 995.00 fps, Tine 840,00
Position! X(1)% 10115000,00 X(2)! 10226191.00 X(3): -17840.92

Velocity! X(1)3 -.3599 X2 + 9378 X(353 «0177
Red 1 Mission Code 118 Speed 700.00 fps, Time 840.C0
Fosition! X(1): 10078432.00 X(2)! 10269149.00 X(3)? -1500.00
Velocity: X(1): 12914 X(2): -+95664 X(3)2 0000
Radar range, Rlue 1 to Red 1 is 98733.59 feet
Radar detection limits are?
Elevation: Upper -2.00 degrees, Lower 8.00 deqrecs,
Target elevation is 15,10 degrees.
Red 2 Mission Code 118 Speed 700.00 fps, Time B40.00
Fosition! X(1)! 10078024,00 X(2): 10270439.00 X(3): -17090,00
Velocatv: X(1)3 2914 X2 -.9566 X{3): . 0000
Radar range, Flue 1 to Red 2 is 59917.16 feet
Radar detection limits are! T
Eievation: Upper -2.00 deqreers, lLower 8.00 degrees. b
100 1
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Target elevation is 14,58 degrees,
Ked 3 Mission Code 118 Speed 700.00 fps, Time 840.00

Fosition? X(1): 10077616,00 X(2)?! 1927182%9.00 X(3): ~1900.00
Velocity?! X(1): + 2914 X(2): -+9566 X(3): »0000
Radar range, Blue 1 tc Red 3 is 61110.58 feet
Radar detection limite arel

Elevation! Upper -2,00 degrees, Lower 8.00 degrees.

Target elevation is 14.07 degrees,
Red 4 Mission Code 118 Speed 700.00 fps, Time 840,00

Fosition: X(1)¢: 10077208.C0 X(2): 10273169.00 X{2): -2100.,00
Velocity: X(1)3 + 2914 X(2): 9566 X(3): +0000
Radar range, Elue 1 to Red 4 is 62313.27 feet
Radar detecticn limits are!

Elevation? Upper -2.,00 degrees, Lower 8.00 degrees.

Target elevation is  13.39 degrees.
Red & Mission Code 118 Speed 700.00 fps, Tine 840,00

Position!: X(1)! 10076800,00 X(2)! 1027450%.00 X(3): -2300.00
Velocity?: X(1): 12914 X(2): -.9566 X{3): +0000
Radar range, Blue 1 to Red 5 is 63524.71 feet
Radar detection limits are:

Elevation: Upper -2,00 degrees, Lower 8.00 degrees.

Target elevation is 13.12 degrees.
Red & Mission Code 118 Speed 700,00 fps, Time 840.00

Fosition?! X(1)! 10076392.00 X(2): 10275849.00 X{3): -2520.00
Velocity: X(1): + 2914 X2 -.95664 X{3) 3 «0000
Radar range, Blue 1 to Red 6 1s 64744.41 feet
Radar detection limits are:

Elevation: Upper -2,00 degrees, Lower 8.00 degrees.

Target elevation 1is 12.66 degrees.
Red 7 Mission Code 118 Speed 700,00 fps, Time 840.00

Fosition! X(1)! 10075984,00 X(2): 1027718%9.00 X(3)3 -2700.00
Velocity: X(1)2 12914 X2 -.9566 X{3): .0000
Radar range, Blue 1 to Red 7 is 65971.90 feet
Radar detection limits are!

Elevation?: Upper -2,00 deqrees, Lower 8,00 degrees.

Target elevation is 12,23 degrees,
Red 8 Mission Code 118 Speed 700.00 fps, Time 840,00

Fosition! X(1)! 10073576.00 X(2): 10278529.00 X{(3)! -2900,00
Velocity: X(1)2 «2914 X(2): -.9566 X(3)3 «0000
Radar range, Flue 1 to Red 8 is §7206.77 feet
Radar detection limits are?

Elevation?: Upper -2.00 degrees, Lower B8.00 degrecs.

Target elevation is 11.81 degrees.
Red 9 Mission Code 114 Speed 850,00 fps, Time 840.00
Fosition! X(1)! 10029967.00 X(2)! 10209250.00 X(3)! -114083.03

Velocity! X(1): =-.,1418 X(2): -.9899 X3 s + 0000
Fadar range, Rlue 1 to Red 9 is 86942.45 feet
Radar detection limits are:
Elevation: Upper -2,00 degrees, Lower 8.00 degrees.
Target elevation is 3,23 degrees.

Azimuth limits are! +/- 53.00 degrees. Target azaimuth Q0.17 deqgrees.
Hed 10 Mission Code 114 Speed 820,00 fps, Tame 846,00

Position! X(1)! 10030893,00 X{2): 10210430.,00 X(3)3 -11498,03
Velocity: X(1): -.1418 X{2) ¢ -.9899 X(3)3 +GOG0
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Radur ranage, Blue 1 to Red 10 is 85812.46 feel
Radar detection limits are?
Elevation: Uaper -2.90 degrees, Lower 8.00 deqrees.
Target elevation is 3,28 degrees.
Azimuth limits are! 4/- 55.00 degrees. Target azimuth  79.52 degrees.
Red 11 Mission Code 114 Speed 850,00 fps, Time 840.00
Fosition!: X(1): 10042412.0C X(2): 10219018.00 X(3): -15309.75

Velocity! X(1): -+1901 X2 -,9818 X(3)3 » 0000
Radar ringe, Elue 1 to Red 11 is 72985,4% feet
Radar detection limits are?
Elevation! Upper ~-2.00 degrees, Lower 8,00 degrees.
Target elevation is +97 degrees,

Azimuth limits are! +/- G55.00 degrees. Target arimuth 74.55 degrees.
Red 41 Mission Code 114 Speed 850.00 fps, Time 840.00
Fosition! X(1): 9939046.00 X(2): 10325400,00 X(3): -13026.68
Velocity?! X(1): +1841 X(2)3 -.982 X(31): +0000
Radar range, Rlue 1 to Red 41 is 202053.00 feet
Racar detection limits are!
Flevation: Upper -2,00 degrees, Lower 8.00 dearees.
Target elevation is +35 degrees.
Azimuth limits are! +/- 55,00 degreec. Target azimuth 39.49 degrecs.
Probability of Radar Detection is .546. Random number 1s .818.
Red 41 1s not detected.
Red 42 Mission Code 114 Speed 50,00 fps, Time 840,00
Fosition! X{(1)! 9939544,00 X(2): 1032481%.00 X(3): -13026.48
Velocity! X(13 .1841 X{2): -.9829 X(3): 0000
Radar range. Blue 1 to Red 42 is 202319.48 feet
Radar detection limits are:
Elevationt Upper -2.00 degrees, Lower 8.00 degrees.,
Target elevation is +35 degrees.
Azimuth limits are! 4+/- S5.00 degrees. Target azimuth 39.07 degrees,
FProbability of Radar Detection is .3564. Random number is ,113,
Red 42 i=s detected.
Red 43 Mission Code 114 Speed 8%50.00 fps, Time 840.00
Fosition! X(1)?! 9940253.00 X(2)! 10332655.00 X{(3): -19324,88
Velocity! X(1): +1768 X(2): -.9843 X(3): +0000
Radar range, Rlue 1 to Red 43 is 204629.57 feet
Radar detection limits are:
Elevation! Upper -2.00 degrees, Lower 8.00 degrees.
Target elevation is -1.43 degrees,
Azimuth limits are! +/- 55.00 degrees. Target azimuth 37.55
Probability of Radar Detection is .545, Random number 1s 316,
Fed 43 is detected.
Red 44 Mission Code 114 Speed 20.00 fps, Time 840.C0
Fosition!: X(1): 9956210.00 X(2): 10343010.00 X(3): -19242.,14
Velocity?! X(1): + 7730 X(2)1 =+6345 X(3): + 0032
Radar range, Blue 1 to Red 44 is 197136.77 feet
Radar detection limits are!
Elevationt Upper -2.00 degreos, Lower 8.00 degrees.
Target elevation is -1.42 degrees.,
Azimuth limits are! +/- 55.00 degrees. Target azimuth  32.54 degrees,
Probability of Radar [etection is +607. Random number 15 927,
Red 44 is not detected.
Nihrt Blueil) = 2 Time! 840,00 Flag = iy Men Coce = 111
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Threct Call Signs are! 42 43 0 0 0
Threat Ranges are! 202319,48 Z2044629.67 99999%9.00 999999.00 999999.00
Example 10. _Radar Detection

The above sequence of figures shows how the radar detection subroutine

warks in all its modes.
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X The fighter’s velocity vector corresponcs to the CAF pottern,
The airspeed will increase to 1.2 ¥ turget ai-speed, or
B40 fps. The fighter will descend to 9500 ft and stay ot
that altitude until approximately 8 NM or 48,000’ and then
will turn to point directly at the target. Note that the
fighter’s velocity vector does not precisely match the
intercept vector (Int vec) because he 1s maintalning
his altitude and the intercept vector is computed for
proceeding directly to the intercept point.

Elue 1 committed from CAP 1, Time: 751.00

Yarget Red 1, altitude 1500.00 ft. Attack will be from above.
Attack altitude 9500.00 ft.

Blue 1 intercepting Red 1, Range 2.61 NM,y, Time 751.00

Missile Employment Ranges are!
Radar Missiles! Max Range!  44297.73 €t, Min Range! 12227.,92
Heat Missiles: Max Range: 194646.89 ft Min Range! 48546.,22

Intercept Calculations: Ftr Rlue 1, Tgt Red 1, Intcpt in 180.17 seconds.

Ftr Speed 3585.00 fps, Tqt Speed 700,00 fps.

Ftr post X{1):10157393.00 X(2):10160675.00 X:{3)t =-20000.04
Vel? X(1): -,1322 X(2): + 9912 X(3): « 0000

Tgt pos: X(1):110060260.00 X(2):10329490.00 X¢3): -1500.00
Vel! X(1)3 10204 X(2): -.9998 X(3): . 0000

Ftr LOS: X{1)! - 4965 X¢(2): 8629 X(3): 0946

Int vec?: X(1)! -.8971 X(2)3 +4054 X(3): « 1795

Target Red 1, altitude 1500.00 ft. Attack will be from above,
Attack altitude  9500.00 ft.

Elue 1 intercepting Red 1, Range 21.08 NM, Time 803.00

Missile Fmployment Ranges are?
Radar Missiles! Max Range: 44592.45 ft, Min Range: 12883.56
Heat Missiles! Max Range? 20450.34 ft Min Range: 5129.40

Intercept Calculations! Ftr HKlue 1, Tqt Red 1, Intcpt 1n  B4,12 seconds.

Ftr Speed 840,00 fos, Tqt Speed 700.00 fps.

Ftr pos: X(1):10133970.00 X(2):10185384.00 X{3)! -9453.52
Vel! X(1)!: =~,6973 X(2)3 +7537 X(3)4 + 0000

Tgt post X(1):10070680,00 X(2):110294609.00 X(3): -1500.00
Vel! X(1): 02914 X(2): -.9564 X(3)¢ » 0000

Ftr LOS? X(1): -.5003 X2 +B634 X(3)¢ +064%

Int vect: X(1): -46529 X(2)3 + 7486 X(3rse +1154

Blue 1 locking on to Red 1, Range 14,57 NM, Tine 829.00

Target Red 1, altitude 1500.00 ft, Attack w:ill be from above.
Attack altitude  9500,00 ft.

Blue 1 intercepting Red 1, Fange 14.57 NM, Time 829.00

Missile Employment Ranges are!
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Radar Missiles! Max Range!  46521.39 ft, Min Range! 12863.26
Heat Missiles:  Max Rarge! 20419.88 ft Min Range? 5120.94
Intercept Calculetions: Ftr Rlue 1, Tgt Red 1, Intecpt in ©8.26 seconds,
Ftr Speed 840,00 fps, Tqt Speed 700.00 fps.,
Fir posi: X(1):110119612.00 X{2)110201842.00 X(3:! -9453.52
Vel!: X(1)! -.,4579 X(2)3 «7531 X(3} +0000
Tgt post X(1):11Q075984.00 X¢2):110277189.00 X(3)! -1500.00
Vel? X(1)3 12914 X(2)¢  -.9566 X{3): + 0000
Ftr LOS: X(1): -.4989° Xx(2)¢ 18616 Xi3): + 0932
Int vec! X(1)% -.6487 X(2)3 07426 X(3): 1666

Target Red 1, altitude 1500.00 ft, Attack will be from above.
Attack altitude 9500,00 ft.
Blue 1 intercepting Red 1, Range 7.60 NM, Time 857.00
Missile Employment Ranges are!
Rodar Missiles! Max Range: 456214,05 ft, Min Range: 12775.44
Heat Missiles:  Max Range:  20288.16 ft Min Range:! 5084.35
Target within radar range, must be within 40 degrees of nose.
Tgt bears 13.6 deqgrees off nose,

Blue 1 leunched radar missile at Red 1, Range 4%5621.90. Time: 857.00
Intercept Calculations! Ftr Elue 1, Tot Red 1, Intcpt in 29.6% seconds.
Fir Speed 840.00 fps, Tgt Speed 700.00 fps,
Ftr pos: X(1):110103613.00 X(2):10220103.00 X(3)3 -9138.37
Vel?t X(1): -.6288 X(2)3 ' 7145 X{3): « 3066
Tgt pos? X(1):110081900.00 X(2):10257759.00 X{3): -1500.00
Vel! X(1)¢ +2914 X(2): -.9566 X(3)3 + 0000
Ftr LOS: X{(1)¢ -+4920 X(2)3 +8532 X{3): v 1731
Int vect X(1)¢ -.6288 X(2)1 + 7145 X(3): « 3066
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common/scoml/atrib(100),dd(100),dd1¢(100),dtnow,ii,mfa,mstopsnclnr,
+ ncrdrynprat,nnrun,nnset,ntape,ss(100),ss1(100),tnext,tnow, > (100)
common/uconl/nsectr{6)yncap(3)ynbynr,ithrt(24,11),thrt(24,11),
tnthrt (24 ,vihrt (24),ivthrt(24),blue(3),redb(3,3),
+itrr(80,11):thtrr(80,11),ntrr(80),vtrr (80},

+ivtrr(30)

common./ucom2/db (207

logical db(20)

equivalence {(nset(1),qset(l))

dimension nset(135000)

¥ The program wiil run with NSET/QSET dimensioned to
 § 10,000, but multiple runs require 15,000,

common qset(15000)
ncrdr=5
nprnt=6
ntape=7
nnset=15000
call slam
stop
end
X
EXEXXERREEKERKAXERRKKKARRKNSiubroutine IntlokEORKKKKICKIONKIOOKEY XXXk
X
subroutine intlc
common/scomi/atrib(100),dd¢100),dd1{100),dtnow,ii,mfa,mstip,nclnr,
+ ncrdrynprntynnrun,nnset,ntape,ss(100),5s1(100),tnext,tnow,:»:(100)
common qgset(15000)
common/ucomli/nsectr(é),ncap(3)ynbynryithrt(24,i1),thrt{24,11),
+nthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(B0,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivtrr(80)
coamon/ucom2/db(20)
logical db(20)
dimension a(10),b(10)
data thrt/ 264%999999/vthrt/24%555555/nsectr/6X0/ncap/3%0/
1 ithrt/264%0/nthrt/24%0/ivthrt/24%0/
2 itrryivirr,thtrr,vtrr/1920%0/ntrr/80%0/
ssl{l)=1
s51(2)=1

The "db* array is used to turn write

statements on and off.

When "db(1)* is .true. the contents of all the
files are printed before exiting from Intlc,

E e W I I I I

data o,b/20¥0/db/20%.false./
db(S) = ,true.
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b Q nb=24
ﬂ nr=80

*nb* and *nr*® are the number of EBlue and the
nunber of Red aircraft available,

P M I W

g do 32 J) 1,14

' . x%(41) 0

32 continue .
S x(1) = 4

. : »w({2) =1

6

XX(1) and XX(Z) are the nuamber of
Rlue and Red aircraft i1nvolved
in the simulation run.

Cageni) AN A
"% I I I I

blue(1)
blue(2)
blue(3)

10eé
10eé
0

*blue® is an array which holds the coordingtes
of the blue airrfield.

I W I I

a(1)=10eé
a(2)=10eé
s do 12 4j1 = i,nmd
- call filem(1l,a)
12 continue

The aero information and operationa] files
are initiallized with the values the
aircraft would have sitting on the base.

I ¢ I I W

a(1)=0
The first element will be the wingman’s call sign,
a(2)=14500
X Second! fuel load in pounds.
a(3)=4
X Third: number of radar missiles.
a(4)=4
X Fourth! number of heatseeking (IR) missiles.
a{5)=9
X Fifth! number of seconds of cannon fire.
ai{9)=4
X Ninth! mission flag (4 denotes departing base).
a(10)=110
X Tenth! mission code (110 is available for flight).
do 14 11=1,nbd

»

Ty
Y T

call filem(2,a)
14 continue
- do 10 1il=1,nb
. f\ call filiem(3,bh)
- Rl 19  continue
r‘ *
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Cile 3 is initialized tc zero.

File 3 will held information on radar missiles r
fired by blue aircraft,

% M I e N

do 16 1i2=1,nr
call filem(8.b)
146 continue

S .
x File 8 will hold information on radar
b 3§ aissiles fired by red aircraft,
X
redb{(i,1) = 10.,12e¢
redb(1,2) = 10.,84eé
redb(1,3) = ¢
%
X The 'redb® array holds the coordinates
 { of the red airbases.
X

b(1)=10,12e4
b(2)=10,84e6
do 18 12=1,40
call filem{é,b)
18 continue

fFile 6 has aera infarmation and File 7
has operational information for
'red® aircraft.

% ¢ 9 ¥ W

9.82eé6
10,9%e6
0

redb(2,1)
redb(2,2)
redb(2,3)
b(1)=9.82e6
b(2)=10,94eé
do 20 .j1=1,40
call filem(6,b)

20 continue
redb(3,1)
redb(3,2)
redb(3,3)
b(1)=0
b(2)=8000
b(3)=2
b(4)=2

o b(5)=6 4

4 b(9)=4 )

9.784e6
10.108e6
0

The information in Files ¢ & 7 is
completely analogous to that in Files | & 2.

% W I W

: b(10)=110
(-, do 24 .jl=l,nr
= call filem(7,4b)
= 24 continue

. 110 4
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* x

*

% I ¢ ¥

% € M I I I I I

a(l)= 10154269
u(2)=10183851
a(3)=-20000

Coordinates for CAP 1 (X1, X2, X3).

al{4)=c0s(275.,/57.3)
a(€)=51n(275,/57.3)
a(é)=0 .

Vector for outbound CAF 1 heading.

a(7)=0

a(8)=0

al(9)=0

a(10)=2

call filem(S,a)
a(1)=9981697
a(2)=10209201
a(4)=c05(270./57.3)
a(S)=si1n(270,/57.3)

CAP 2 information.
a(10)=0

File & hus coordinates and patterns for
*blue® Combat Air Patrols (CAPs)

call filem(S,a)
a{1)=9.%91eé

T~ a(2)=10115885

a{4)=c0s(260,/57.3)
a{5)=5in(260./57.3)

CAF 3 information.
call filem(Sya)

a(l) 10.09eé
a(2) 10.42e6
a(3) 9.91éeé

0(4) = 10.42e4
call filem(10,q)

File 10 has route of flight waypoints for
‘red® aircraft,
The above four numbers are the first waypoints
for Routes 1 § 2 (X1, X2 coordinates).
The numbers are filed in First In, First Qut
(FIFO) order, so the first ones in are
positioned in the first entity of the file.

a(1) = 10,064eé
a(2) = 10.33e6
a(3) = 9.88ed
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a(4) = 10,324eé
call filem(10,a)

a(l) = 10.12eé
a(2) = 10,14¢eé
a(3) = 9.928e6
ai4) = 10.14e6
call filem(10ya)
al{l) = 9.976e6
a(2) = 10,072e6 .
a(3) = 10.,06eé
af4) = 10.33eé
call filem(10,q)
af{l) = 10eé

a(2) = 10,246
a(3) = 10.0%9eé
a(d4) = 10,42e6
call filem(10,a)
a(l) = 10.,06e6
a(2) = 10,408eé
a(3) = 9,824
a(4) = 10,%%e5
call filem(10,a)
a(l) = 10,12e6
a(2) = 10.84eé
a(3) = 999

a(4) = 999

call filem(10,q)
a(l) = 999

a(2) = 999

call filem(10,q)
atrib(l) =1
atrib(2) = 2
atrib(3) = 1
atrib(4) = 2

call schdl¢1,500.,atrib)
atrib(1l) = 2
call schdl(1,500.,,atribd)

aircraft is initially scheduled into
each of the "Rlue' CAPs (Event 1).

Note: <calls to 'schdl® MUST have a real

number in the time slot or the event
will occur at Time 0.

atrib(1) = 3
call schdi(1l,1.,atrib)

atrib(1l) = 1
atrib(2) =1
atrib(3) = 1
atrib(4) = 8
do 26 .l = 1,8

dl = j1%2+410
call schdl(94dl,atrib)
atrib(2) = atrib:2)+1
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26 continue
atrib(1)
atrib(2)
atrib(3)
do 28 1 1,8

dl = ,j1%2+4410
cail schdl(?,dl,atrib)
atrib{(2) = atrib(2)+!

28 continue

non
[ B N RN

Two 'red® raids are scheduled to
complete the scenario (Event 9).

E R 0 R 2R 2 IR 2 3 N I JFY

atrib(1) 1
a atrib(2) 1
atrib(3) 1
call schdl(8,97.yatrib)
call schdl(8,120.,yatrib)
atrib(2) = 2
call schdl(8.90,,atrib)
call schel(8,127.,atrib)

YT
* »

Event 8 schedules Red escort fighters,

P 3% e I

2

-

Ll ol Al i '

atrib(1)
atrib(2) 1

atrib(3) 41

call schdl(8,67.,atrib)

call schdl(8,115.yatrib)
atrib(2) = 2

call schdl(8y60syatrib)

call schdl(8,122.,atrib)
call schdl(10,5.,atrib)

3%

Event 10 is Radar detection, This starts
it up .

M M I W I I K

if (db(1)) then
do 30 jl = 1,11
call prntf(.jl)
30 continue
endif

If db(1) is set, all files are printed
out after initialization,

I I 3¢ I

return
end
X

X
N subroutine state
’ common/acomi/atrib{100),dd{100),dd1{100),dtnow,11mfaymetoDencinT,
+ ncrdrynprniynnrunsnnset,ntaperssii00),ssl1(10G)ytnext,ytnowy i 1350)

|

F AR IAEKKERAKKXKSub routine StoteX kORI KORKE XN XX KKX
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common qset(15000)
comamon/ucoml/nsectr(é),yncap(3I)rnbynr,yithrt(24,11),thri(24,11),
tnthrt(24),vihrt{24),ivthrt(24),blue(3),redo(3,3),
+itrri80,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivirr(80)

common,/ucom2/db(20)

logical db(20)

logical thru,red

character¥4 cs .

ss(l) = ssl(l)%¥dtnow

§s(2) = ssl(2)+dtrow

These are dummy equations to get the continuous
time advance mechanism to function properly.

if ({dtnow.eq.0).and.(tnow.qt,0}) return
do 52 .1 = 1,6
nsectr(yl) =0
52 continue

The *Blue® radar missile file is checked for
missiles in flight and thev are updated.

ntry3 = mmfe(3)
do 30 .l = 1l4nb
if (gsetintry3+1).gt.0) call cmp70( 1,7,1,3)
ntryd = nsucri{ntry3)
30 continue

The ’Red" radar missile file is checked in
like manner.

ntry8 = mnfe(8)
do 32 .l = 1l,nr
if (qset(ntryB8+1).gt.0) call cmp70(,j1,7,1,8)
ntry8 = nsucri(ntryB)
32 continue

The Infrared (IR) files is also searched for
heat-seeking missiles in flight and they
are updated,

if (nng(4),gt.0) call cmpb0(4,6,1,1)
if (nnq(9).gt.0) call cmpé0(9,46,1,1)

Now o sweep is made through the hlue
and red aircraft files and the aero
information {(position and velocity)
is updated.

nl = nb
nd = 0

thru =.false.
red = ,false.
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cs = ‘Rlue’
binge = 4500 -4
accel S »

These index and pointer variables are
set for blue aircraft and will be
reset for red aircraft at the )
bottom of the loop. »

anfe(l) 4

amfe(2) ’

I I I W I M

ntryl
rtry2

10 continue
do 20 .j1 = 1,nl
if (gset(ntry2+410).9t.110) then »

The mission code 1s checked to see if
aircraft is airborne.

% % I W

n2 gset(ntry2+10}-110 1
n3 = gset(ntry2+1) .?
]

if (tnow.gt.1000)
write(8,y’ (5:ya9,2%,12,", Msn Code "»12,°, Wgmn
' Flﬂg =.y€3009.y Time .yf902)')CSyx}11ngyn3y
+ gset(ntry2+9),tnow
go to (100,100,100,400,101,101,101,800,900,1000,1100),n2 .
101 write(8,’(5x,"Incorrect code for subroutine call in »4
+ *Subroutine State, Code was *yi3s'y Time ", $%9.2) " )nl,tnow
stop
100 call cmp10C.jlyn2,n3,n4) 1
go to 8 1
400 call cmpd0(.j1,n2,n3,n4) b
go to 8 L |
800 call cmpB0(,jl,n2yn3,n4)
go to 8
909 call cmp90(jlyn2,n3,n4)
go to 8
1000 call cmpl100(,j1,n2,n3,n4)
go to 8 04
call copl10(.jlyn2,n3,nd)
X 8 continue

.
+12y
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Subroutine ‘cmpute’ manipulates the .
aircraft velocity vector and performs ’
various operational chores and returns 1
the aircraft to *state' for updating
of position and fuel.

I I I I M I W ¢

F delta = gset(ntry1+9) - gset(ntrylt?) ®
- if (abs(deltal).le.5) then
) gset(ntryi+7) = qsetintryl+9)
‘N else
if (delta.gt,0) qsetintiryl+?)
1f {(delta.lt.0) gsetintrvit?)

gset(ntryl+?) ¢+ accel :
gsetintryl+7: - accel 1

™
.
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endif
vel = gsetintryl+7)
do 12 2 = 1,3
qset (ntryl+,j2) = gset{ntryl+j2)+gset(ntryl+3+,2)%dtnowkvel
12 centinue
NS = qsetintry2+9)
né = gset(ntry2+190)
1f ((db(4);.and.(,jl.1le,4))
write(8,’(3xy*Call Sign ",04,2%,i3,*, Mission Code ',i3,
*y Time: ',f8.2,', FlOg = ',i3,', Vel *,f8.2/
SN,‘Updoting pDSitiOﬂy '73{.X'yilp' = '1F1202y33))/)
€syJdlynéytnowynS,vel,l,qsetintryl+1),2,
qset{ntry1+2),3,qset(ntryl+3)
if((db(4))oﬂndo(J101904))
write(8, 13, "Updating velocity, "»3(*X",11," = *,f12.2,3:))")
l,gqset(ntryi+4’,2,qsetintryi+S),3,qsetintryl+s)

+

+ +

Updote Fuel
gset(ntryl1+8) = (10000~20000%xmin{0.,qset(ntryl+4)))/3600,
1f (red) gset(ntryl1+8) = 0.6X%gsetintryl+8)
qset(ntry2+2) = gsetintry2+2)-gqset(ntryl+8ixdtinow
if ({(qsei{ntry242),1t.bango).and.{abs(gset(ntry2+4¢9)).1e,1))
+ then
if (gseti{ntry2+10).ne.119) then
gset(ntry2+10) = 119
if (db(5))

+ write(8, (Si,"Aircraft *,1i3," went bingo at ', £8.2) ) 1,
+ thow
endif
endif

Update Sectors with the number of red
gircraft in each sector.

if (red) then
nsec = 95
if (gset(ntry142).1t.10.45e6) nsec 1
if (gset(ntryi+2),1t.10.3Beé) nsec 3
if (qset(ntryl1+1).,1t.,10eé) nsec = nsec+l
nsectr(nsec) = nsectrinsec)+l

endif

endif

The file pointers are incremented to
the next aircraft.

ntryl = nsucri(ntryl)
ntry2 = nsucr(ntry2)
20 continue
1f (thru) return

The inde:x and pointer variables are set
for the red aircraft files.
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accel
bingo
nli =n
nd = 5
red = .true.
thru = ,true,
cs = ’ Red’

= anfe(d) .
ntry2 = mmfe(?7)

10

2w
r ~y
w
(=]
(=]
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:‘ KXEXRERRKOORKRRKERXRKXRKKAXXSubroutine Event XXXXEXXKXXRKKEEKKKKXRXKXK KL KKK
X

- subroutine event(iev)

- common/scoml/atrib(100),dd(100),ddi(100),dtnow,ii,mfa,mstopynclinr,

+ ncrdrynpratynnrun,nnset,ntape,ss(100),s51(100),tnext,tnow,{100)
common Qqset(15000)
common/ucoml/nsectr(b),ncap(3)ynbynr,ithrt(24,11),thrt(24,11),

+nthrt(24),vthrt(24),ivthrt(24),blueid),redb(3,3),

+1trr(B0,11),thtrr(80,11),ntrr(R0),vtrr(80),

+ivirr (80D
common/ucom2/db(20)
logicel db(20)
dimension nsgn{20),iwg(20),vb1(3)yvrl(3),

+ xlos(3)sthreat(24),red(80),ired(80)
data red,ired/80%999999,80%0/threat/24%999999/nsgny1wg/ 40%0/

b ¢ write(8, (5x,"Enter Event, E Code *,13,', Time: ",f9.2)’)iev,ytnow

go to (1000,1001,1001,1001,1001,1001,1001,8000,%2000,
+ 10000 )yiev
100! write(B, (5, *Incorrect Event code',iB) " )iev
stop

13320800200 F 0030838300833 33 083080 ¢P 8tV i tnitesessssstetsstinetsisteesesssy
X CAP ASSIGNMENT SECTION: Forms flights of aircraft and X
3 assigns them to CAF 1/2/3 as requested X
1302 ettt PRt PRttt sttt tidosssestessetasiettittisseeestetivssee:
1000 ni=atrib(3)

n2=aqtrib(2)
i2 = atrib(4)
n3 atrib(l)

Ja nb

T T
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The necessary information is passed through
the atributes.
Atrib(1)! CAF #
Atrib(2)! & of gircraft in f1t
Atrib(3): % of flts
atrib(4)! file pcinter

P “

& M I I I I I I

do 1016 .ji=1,nl

A sweep is made through the aircraft files
and aircraft which are available (as
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denoted by the 110 miss:on code) are
formed into flights of the requested
size.,

ntry2=amfe(2’
do 1010 .j2=1,44
if({gset(ntry2+10).eq.110then

- ntryl = locat(j2,1)
ntry2 = locas(.,j2.2)
ntryd = locat(n3,5)

do 1014 5 = 1,n2
do 1018 .j6 = 1,3
qset(ntryl+,jé) = gset(ntryS5+.ié)
gset(ntryl1+3+.i6) = -qset(ntry5+3+,6)+.1

1018 continue
gsetintryl+s) = 0
gset(ntry1+3) = -19987
qsetintryi+7) = 58S

gset(ntryl+9) = 585
gset(ntryl+10) = gset(ntryS5+3)
gset(ntry2+1) = ,j2+1

1f (.j5.eq.2) gset(ntry2+l) = j2

qset(ntry24¢2) = 12500
gset(ntrv2+4) = 435
gset(ntry249) = -1

{ gset(ntry2+10) = 110 4 atrib(1)
ntryl = nsucrintryl)

ntry2 = nsucr(ntry2)
1014 continue
ncap(nd) = ncap(n3)+2
if (db(3))
+ write (8, (5»%,"Flight *,i3," of ",i3,"' formed at *,f12.2,
+ *y Mission Code ",i4)).j2yn2ytnowyint(atrib(1)4110)
return
endaf
ntry2=nsucri{ntry2)
1010 continue

If the required number of aircraft were
available they are formed into a
flight.,

¥ 3¢ ¥ 3 I

1016 continue

' U e ' ' '
. . . . " * ‘L .
‘- ‘ a ‘ DCURFE

return

; 1332808308003 0 ¢ttt it ettt et ststttsseesttsseseesssesereses s sve sy
1 X X
E X Red Escort Fighter Scheduling X

X X
L .
> @ 1938032800308 8088380083038 8 08880308 €383 3330833 ¢83¢¢3 ¢SS CeRTTEsT T Te?
- 8000 n1 = atrib(1)
;" ng = atrib(2)
- (\‘ n3 = atr1b(3)
[ ntryé = locat(n3,s)
{ ntry? = locatin3,?)
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comp = unfrn(Q.,1,,9)
alt = -10020 - comp X 10020
do 8008 .1 = 1,3
vrl(.jl) = redb(nl,j1)
8008 continue
call losivrl,blueynlos,xmag,phi)

%l =0

w2 = 0

phi = -150./57.3

do 8010 .j1 = n3,n3+39

if (qset(ntry7+#10).eq.110) then
do 8012 .2 = 1,2

gset(ntrybtl) = vri(1) + x1
gset{ntryb+2) = vri(2) + %2
gqset(ntryé+3) = alt
gset(ntryb+4) = xlos(l)
gset(ntryéd+d) = »xlas(2)
qset(ntryét+s) = 0
qset(ntryé+7) = 850
gset(ntryé+8) =1
gset(ntryé+9) = 850

qset(ntry6410) = alt
qset{ntry7+1) = ,j1 + j2
if (j2.eq.2) qgset(ntry7+l) = 0

qgset(ntry7+4) = j2
gset(ntry7+7) = 1
qgset(ntry7+8) = n2
gset(ntry7+¢9) =1

gset(ntry7+10) = 114
a1 = 1500 ¥ (xlos(1l) %X cos(phi) 4 »xlos{(2) X siniphi))
X2 = 1500 X (xles(1) % (-sin(phi)) + xlos(2) % cos‘phi))

ntryd = nsucrintryé)
ntry7 = nsucrintry?)
8012 continue
write(8,’ (%, 'Red Escort *,13,", flight formed at ',
+ * Time *4f9.2)’).j1,ytnow
return
endif
ntryé = nsucrintryd)
otry?7 = nsucr(ntry?7)
8010 gontinue
return

KRRRKXXXARKARKEKKKKKKARKKRed Ground AttackERKKKREEONEKNE K8 KK KOOEKOOEO0KKK
Red aircraft are configured and sent out X
on the proper route as they are scheduled X
by other routines. X
Again, information is passed through X
the 'atrib® array. X
XXX 0K KK IR KKK 0 10KK KKK KK OKKKOK KKK OK K KOK OK KKK R 0K XK AOKOR R 0K OO 000k 200K
Atrib(1)?! Fase (1/2/3)
Atribi2): Callsign
Atrib(3): Foute # (1/2/3)
Atribi4)! # in flight

FE W I I I I I I M I
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2000 nl = 0
1f (atrib(1).eq.2) nl = 40
n2 = atrib(2)
n3 = qtrib(3)
if (n3.eq.3) n3
if (n3.eq.2) n3
n4 = atrib(4)
ntryé = locat(ni+n2,s)
ntry?7 = locat(ni+n2,7)
ntryl0 = mmfe10) -
qset(ntry7+10) = 118

o
3

qset(ntry749) = 1
{ gset(ntrv7+48) = n3
o qset(atry747) = ¢
[ qset(ntry7+6) = n4X1000+n14n2
3 agset{ntry7+1) = nl+n2+1
p if (n2,eq.1) gset(ntry7+1) =1

X The aircraft starts at an altitude over
X the base.

=

¢ X

) gset(ntryb+10) = -1300-n2x200
qset(ntrvé+9) = 700

g qset(ntryé+8) = 5000
gset(ntrvé+?) = 700
gset(ntry6+3) = -1300-n2%200
vrl{l) = gset(ntryb+ld
vrl(2) = qset(ntryé+)
vrl(3) =0
vb1(1) = qsetintryl0+n3)
vbi{(2) = gsetintryl0+n3+1)
vb1(3) = 0
tall los{vril,vbi,xlas,»mag,phi)
gset(ntryé+4) = xlos(l)
gseti{ntryé+d) = »los(2)

if (db(3))
twrite(8, (5%,"Red ",i3," departed Rase *,i12," on Route *,il.
+ " Time: '"»f8.2))ni#n2yint(atrib(1)),intcatrib(3)),tnow
return
10000 call search
return
end

X
*x  These subroutines support the basic program.
¥

include ’“search’
include ‘cmplO”
include “‘cmpdQ”
include “cmpéd’
include ‘cmp70’
include ‘cmp80O°
include ‘cmp90”
include ‘cmp100’
include “cmp1l0’
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subroutine turn(vecl,vec2,g,ntryt,dtnow,vel)
X Turne vecl toward vec2 in the plane vecl-vec2 with *g* G forces

comson qset(15000)

common/ucom2/db (20)

logicol db(20)

gimension wvecl(3),vecl(3)yvec({l) uvecild)

call cross{vecl,vec2,vec,uvec)

call cross(uvec,veel,vecyuvec)

if (db(8))

tWwrite(8, (Sx,y"Turn, *oJ(*VECI(",il1,") = "4f13.5,2%)/
+ 11, 3(°UVEC(" i1, ") = *,f13,5,2%)/12%,'Vel = *,¢8,2,
+ "6 = "y FE8,2,2:,"DTNOW = *,§B8,2,%, NTRY = *,15)")
+ Gilyvecl(jl),jl=1,3) (4l yuvec(.jl)y.j1=1,3)yvel,g,dtnowsntryl

% I M I W

do 10 ;1
vecl(,jl) vecl(,jl) X vel
uvec (1) = uvec(.jl) %X g x 32,2 X dtnow
vec{.jl) = vecl(jl) + uvec(jl)
10 continue
call unit(vec,uvec)
do 12 .j1 = 1,3
aset(ntryl143+4,j1) = uvec(,jl)
12 continue
if (db(9))
+ write(B,/(Sx,"Turn, Vel Vector!: *,3(°VU(*,11%) = *,¥B8,4,2:)/
+ 12x,"01dVector: *,3('V(",i1,") = *,f8.4,2%)/)’)jlyuveci.jl),
+ .j1=1y3)y(.jl,VECl(.jl)y-j].:lyB)
return
end
real function hdg(ics)

1,3

w iy

I I I MW

X Returns the heading of red aircraft callsign 'ics’®

common qset(15000)
dimension vecl(3),vec2(3)
ntryé = locat(ics,é)
vecl(l) gset(ntryétd)
vecl(2) gseti{ntrys+3)
vecl1(3) 0
vec2(1) 1
vec2(2) 0
h,. vec2(3) = 0
call dot(vec2,vecl,dprod,cytheta)
3 hdg = thetan
if (vec1(2).11.0) hdg = 2%acos{~1,0)+theta
return
end
® subroutine dot{vecl,vec2,dprodsc.theta)
X
. X Ferforms scalar multiplication of two vectors,
4

Pg——
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dimension vecl(3),vec2i3)
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xmagl = sqrt(vecl{l)Xkveci(l)+vecl () kvecl(2)+vecl (I kvecl(3):
xmagl = sqrt(vec2(l)¥xves2(1)+vec2(2)xvec2(2)+vec2 (I kvec2(3))
dprod = vecl(1l)kvecl(l)+vecl(2)kvec2(2)+vecl{3)kvec2(3)
if ((xmagl.gt.0).and,(xmag2.g9t.0)) then
¢ = dprod/x»magi/xmag?l
if (c.gt.1) c=1
if (c.lt,-1) c=-1
else
c=1
endif
theta = acos(c)
return
end
subroutine craoss(vecl,vecl,vec,uvec)

FPerforms vector multiplication of two vectors,

M I I

dimension vecli(3),vec2(3),vec(3),uvec(3)
vec(l) vecl(2)xvec2(3)-vecl (3)xvec2(2)
vec(2) vecl(3)xvec2(1)-vecl(1)xvec2(3)
vec(3) vecl(1)xvec2(2)-vecl (2)xvec2(1)
xmag = vec(l)Xvec{l)+vec(2)Xvec(2)+vec(3I)Xvec(3)
if (xmag.gt.0) then

»mag = sqrti{xmag)

do 10 Jl 1,3

uvec(,j1) vec (1) /xmag
10 continue

else

xmag = 0

do 12 j1 = 1,3

uvec{.jl) =
12 continue

endif
return
end
subroutine unit(vec,uvec)
common/ucom2/db (20)
logical db(20)

Returns a unit vector.

% e ¥

dimension vec(3),uvec(3)
X i€ (db(IM)
X twrite(8, (Sx, "Inside UNIT")’)
sxmag = 0
de 10 .1 = 1,3 A
¥mag = xmagtvec(,jl)Xvec (1)
10 continue
if (xmag.qt.0) then
»mag = sgrt{xmag)
do 12 .jl = 1,3
uvec (.j1) = vec(.jli/xmagq
12 continue
else
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do 14 .j1 =1,3
uvec(jl) = 0
14 continue
endif
return
end
sybroutine los(vecl,vec2,xlos,xmag,phi)
X
¥ Returns line of sight and distance between two points.
X .
dimension veci(3),vec2(3)yxlos(d)
=xmag = 0
do 10 ,j1 = 1,3
%1057.41) = vec2(jl)-vecl(j1)
»mag = xmagvxlos(jl)knlosiyl)
10 continue
1f (>mag.qt.0) then
xmag = sqrt(xmag)
do 12 .1 = 1,3
»los(j1) = xlos(y1)/xmag
12 continue
else
»mag = O
de 14 ,j1 = 1,3
#los(jl) = 0
14 continue
endif
phi = asin(xlos(3))
return
end
subroutine otput
common/scoml/atrib(100),dd(100),dd1{(100),dtnowsii,mfa,mstonsncinr,
+ ncrdrynprntynnrun,nnset,ntapeyss(100),ss1(100),tnextytnow, i (100)
write(9, (14(12,13)) ) (intH(j1)),.j1=1,14)
return
end
rt’
@
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subroutine search
cowmon/scomi/atrib(100),dd(100).¢d1(100),dtnow,ii,mfa,mstopynclnr,
+ ncrdrynprntynnrun,nnset,ntape,ss(100),551(100),tnext,tnowyxx(100)
cosmon qset(15000)
common/ucoml/nsectr{d),ncap(3)ynbynryithrt(24,11),thrt(24,11),
tnthrt/24),vthrt(24),ivthrt(24),bhlue(3),redb(3,3),
+itrr(B0,11),4htrr(80,11)yntrr(8Y),vtrr(80),

+ivtirr(80)

common/ucom2/db(20)

log=cal db(20),redd

character csiX4,cs2X4,cs3X5,c54%6

real lowel

dizension nsgn{20),iwg{20),vb1(3),vb2{(3),vb3I(3),vr1(3),vr2(3),
+ vr3(3)yxlosi(3)ythreat(24),red(80),ired(80)hl0os(3),

+ red1(80),ired1{80)

data red,ired/80X999999,80%0/threat/24%999999/nsan,iwg/ 40%0/

1382020208300 303300083 3820308803208 8308838383 2283¢33¢80¢3 ¢33 338883¢3¢2%+

4 ¢
X RADAR SEARCH SECTION: Called every S seconds X
X b ¢

1000803808 30203303 33338¢23 0283340003 8383802¢3823¢¢3¢33¢23¢833¢38¢8333333¢%¢%¢3
if (db{(11)) write(B,’(Sx,"Search, Time *,f9.,2)')tnow
ntryl=pmfe(l)
ntry2=mamfe(2)
ntryd = mmfe(d)
ntrv7 = mmfe(7)

The angular limits of the radar are
set based on what the aircraft 1s doing
at the moment, as shown by his mission
code.

a ¥ 3 I I

lowel = 8.,/57.3
upel = -2,/37.3
azlmt = $5.,/57.3

trng = 30000
csl = ‘Hlye’
€s2 = ’ Red’
redd = .false.
n4d = pr

n3 = nb

nié = 4

niz = 7

10008 continue
do 10036 nl = 1,n3
db(1) = ,false,

X if((.not.(redd)).and.(nl,eq,1)2db(1) = .true.
nred = 0
nred! = 0

if (gsetintry2410).1%,111) go to 10034
if (gset(ntryl+10).eq.121) go to 10034
do 10010 .1=1,80

red(.j1) = 999999

redl(,jl) = 999999
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ired(yl) = 0

ired1(.ji) = 0 ;
10010 contiaue )
do 10012 j1 = 1,3 g
%
X The scratch arrays are loaded with position
X and velocity vectors.
X

vbl(j1)=gset(ntryi+,jl)
vb2(.j1)=qset{ndryl1+3+,j1)
vb3(.j1)=vb2(.,jl)
10012 continue
vb3(3)=0
call unit(vb3,vb3>
i€ (eb(1))
write(8,/(5x,*Blue 1, Mission Code *,i3,", Speed "yf7.2,
* fpsy Time *,F9.2/ Sxy"Fosition? *,(3(°X(",i1,")!*,
£12,2,21)) /5%, *Velocity! *,3(*X(%,11,°)1%,§9.4,5:))")
int(gset(ntry2+10)),qset{ntryl+7),tnow,
(J:bel(-}:)yd2=173)p(.JZbe2(.J2)y.J2=193)

+ o+ + 4

mission code of 120 signifies
a radar attack by the aircraft.

€ M ¥ I
>

if (gset(ntry2+9).1t.1) go to 10018
if (gsetintry2+10).eq.,120) then
if {(gset{ntry2+®).eq.1) then

if (ithrt(n1,11).1e.0) then
gset (ntry2+9) = 0
go to 100:i8
endif
né = locat(ithrt(nl,i1),ynié)
do 10014 1 = 1,3
vri(.j1) = qsetiné+,jl)
10014 continue

If the aircraft is running an intercept on
another aircraft but is not locked on,
the radar beam is oriented along the line
of sight.

% M I W I I

call los{vbl,vri,xlos,xmag,phi)
phi = asini{xlos(3) - vb2(3))

Phi is the elevation angle between the LOS
vector and the velocity vector or *naose’
of the aircraft,

W ¢ I I

. lowel = phi+46./57.,3

! UPEI = ph1‘60/5703

if (abs(phi).gt.azlmt) then

; ® lowel = azlimt

: upel = azlmt - 16./57.3
endif

| 125
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R § endif

[ x

;?‘ X A value greater than 1,9 implies the radar
. X 1s locked on or a missile is in flight,

if (gqset(ntry2+9).qt.1.5) then
S né = ithrt(ni,11)
. if (n6.1e.0) then

ﬂ : if (redd) then

T itrr(ni, ) =0

o itrr(nl,11) =90

= thtrr(nl, 1) = 999999

= thirrinl,1!) = 999999
o gset(ntry2+9) =1
. else
L ithrt(nl,1) = 0
- ithrt(nl,11) = 0
- thrt(ni,1) = 999999
- thrt(nl,11) = 999999
> gset(ntry2+9) =0
r' endif
go to 10018
else
né = locatiné,nléd)
: endif
e do 10016 j1 = 1,3
{ vri(.jl1) gset(né+,jl)
vr2(.j1) gset(né+3+j1)
vr3(j1) vr2(41)
10016 continue
vr3{3) = 0
call unit(vr3,vrd)
call los(wvbl,vrl,xlos,yxmag,yphi)
phi = asin(xlos(3) - vb2(3))
xlos(3) = 0
call unit(xlos,slos)
call dot(vb3,xlos,dprodscytheta)
if ((abs(phi).gt.azlmt).or.(absi{theta).gt.azlmt)) then
if (redd) then
itrr(nl,1) = 0
itrr(nl,11)
thtrrini,l) 99999
thtrrinl,11) = 999999
gset(ntry249) = 1
else
ithrtinl,1) = 0
ithrti(nl,11) =0
thrt(nl,1) = 999999
. thrt(nl,11) = 999999
&4 gset(ntry249) = 0
g ) endif
(} go to 10018
endif
thrt(nl,1) = imagq

.

0
9




A Znt 20 e B S0 S 20 M- gy s e Mhem bt M ana M s Sais mia st 2 TP P NS e e _-.._v.f..—.ﬂ..’

|
= Q thrt(nl,11) = umag ‘
- nthrt(ni) =1
»Z! go to 10032
s endif
= endif

¥

¥ Each aircraft is checked against other
- X airborne aircraft to build o radar
ﬂ . X filey, much as the pilot’s radar

X scope might do. .

X

1

0018 continue
ntryé = nmafel(h)
ntry7 = mmfe(7)
‘ if (redd) then
ntryé = mamfe(l)
ntry7 = amfe(2)
endif
do 10026 n2 = 1,nd
if (gset(ntry7+10).gt.110) then
ics = n2
do 10020 .1 =1,3
vrl(.jl)=qset(ntryé+.jl)
vr2(.jl)=gset(ntryé+3+.j1)
vr3{jl)=vr2(j1)
10020 continue
vr3(3)=9
call unit(vr3,vrd)
1f {db(1))
write(8,’(5x,*Red 'yi2,* Mission Code ",13y* GSpeed *",f7.2,
' fpsy Time *.f9.2/ Uxy"Fositiont ", (3(*X(",il1,"):°,
'F12.2,2>:))/5):,'Uelocity3 .’3(‘X(.yily'):';F?.4,5){))’)1C5y
int(gset(ntry7+410)),qset(ntryé+7),tnow, '
CJ2evr1(,j2)5.2=1,3),(j2yvr2(.j2),.j2=1,3)
call los(vbl,vrl,xlos,rng,phi)
1f (rng.lt.trng) then

LM re s e e e Py

I I I W & e
+ + 4+

hlos(l) = xlos(1)
hlos(2) = »los(2)
hlos(3) = 0

¢all unit(hlos,hlos)

call dot(vb3,hlos,dprod,c,theta)

phi = asin({vb2(3))Xkcos{theta)-asin(xlos{3))
1f (db (1))

+ write(8,’(5x,"Red "yi2,* Mission Code '413y' Speed *y»f7.2, I

+ * FpSy Time "2 Ff9.2/ 5):,'POSIti0n2 P (30X "y11,"00 ",

+ £12.2,2%))/5%y "Velocity! *,3("°X(*y11,"):',f2.4,5:)) " )1Cs5, .

+ int{gset(ntry7+410)),qset(ntryé+7)tnow, )

o 2yvrl02) 5221, 3), (42,vr2(42) 271, 3) ]
cs3 = ‘right’ ]
1f (theta.gt.0) cs3 =  left’ {
cs4 = ' above’ 1
if (phi.gt..17453) cs4 = / below’ 1
if (db(1))

+ write(8,’ (3, "Range, Blue 1 to Red *+v12,* 15 *4f12,2," feer': )

127
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+ icsyrng
if (dE(1))
+ write{(S8,’(5x,"Visual Detection, Red ',12," bears *',a5,
+ * of nose ",i3," degrees.”)’)icsycs3,int(thetaxS7.3)
if (db(1))
+ write(8,7(10x,'He 15 *,06," the wing line.")’)cs4

Sectors are established around the
aircraft, roughly forward, side,

and tail, with différent probabilities
of visual detection in each sector.

1f (redd) then
if (abs{theta).qgt.2.09434) then

Rear sector, with probability of detection
below the stern of the aircraftr = 0.

pdv = o2
if (phiogt0017453) pdV =0
go to 11018

endif

Side sector,

if (abs(theta).gt,0.52356) then
pdV = ,6
if (phi.gt..174353) pdv = .25
go to 11018

endif

pdv = .4

if (phitgt0017453) pdV = 1

go to 11018

endif

Frobabilities are estoblished for the Hlue
aircraft.

if (abs(theta).gt.2.6178) then
pdv = ,Z
1f (phi.gt..17453) pdv
go to 11018

endif

if (abs(theta),gt.0.52356) then
pdv = .6
if (phiogt0017453) pdV = ,25
go to 11018

endif

pdV = ,5

1f (phicgtctl7453) pdV = .2

0

The probability of visual detection 1s
predicatec on sany factors, such as
range, relative position, and amount
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X of maneuvering.
x
11018 pdvl = pdv ¥ 5000 / rng

1f (redd) pdvl = pdv1X2

call dot (xlos,vr2sdprodycytheta)

fasp = abs(sin(theta)) + .25

ftrn = 25

1f (abs(gqset{ntry2+9)).0t.1.5) frtn = .75

pdv2 = (fagp + ftrn) / 2,

pdv = pdvl X pdv2

comp = unfrm(Q.y1,,9)

€cs4 = 7 is

.f (pov.iv.comp) cs4 = ‘1c not’

if (db(1))
+ write(8,’(Sx,*Probability of Visual [lletection is *,f5.3,
+ '+ Randowm number is "yf5.3,°."/7%,"Red *,
+ iZ2y1x,06," detected.’)’)
+ pdvycompy1Cs,cs4

if (pdv.lt.comp) go to 11050

1f ((qset(ntry7+7).eq.1).0r.(gsetintry7+7).eq.3))
+ gset(ntry7+47) = 3

1f (gsetintry7+7).1t.1) gseti{ntry7+7) = 2

The visually detected threats are filed
in a visual threat file.

% M I e W I I

nredl = nredl + 1
1¢sl = ics
rngl = rng
do 11024 .j1 = i,n2
if (rngl.1t.red1(,j1)) then
teapl = redi{,jl)
itempl = iredi(41)
redl( 1) = rngl
iredi(jl) = icsl
rngl = templ
icsl = itempl
if (rngl.gtstrng) go to 11050
endif
11024 continue
endif
phi = asin(xlos(3) - vb2(3I))
if (dh(1))
+ write(8,’ (5%, "Radar rangey Blue 1 to Red ",12,"' is *,
+ f12.24"' feet')’)ics,yrng
if (db(1))
+ write(8,’(5x, 'Radar detection limits are! '/7x,'Elevationt ",
+ ‘*Upper *',f7.2,"' degreec, Lower ",f7.2," degrees."' /7y,"'Target *,
+ ‘elevotion is ',f7.2," degreec.’) dupel¥S7.3,lowelx7.3.ph1%XE7.3
if ((phi.gt.lowel),.or.{(phi.lt.,upel)) go to 10024

—
Q
(4]
O
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The targets are tested against o probability
of detection to see 1f they are detected
and filed in the aircraft’'s ragar contart

% e I I}

129

BN maC s o

B el ol ol oo L2

et i L.




” L pinlar af ot g k4 ialh MRS RaE

WY

o

T,

I I I

% I

I M W e

W I I M I I

10022
10024

10026

10049

file., Targets are placed :in the file in
orocer of closest range.

xlos(3) =0
call unit(xlos,nlos)
c€all dot(vb3,xlos,dprod,c,theta)
if (do(l))
+ write(8, (Sx,"Azimuth limits are! +./- *,fé6.2,"' degrees. °*,
+ ‘"Target azimuth *,f7.2,' degrees.®)’)azlmt¥S7,3,thetax57.3
if (ebs(theta’.gt.azlmt) go to 10024
pdr = 1.0
if (rng.gt.150000) pdr = (270000.-rng) /120000,
if (pdr.1t.0) pdr =0
if (redd) then
if ((phi.gt..17452).and.(vr1(2).gt.-10000)) pdr = .S X pdr
endif
Conp=unfrl|(0.,1o,9)
cs4 = ' 15
if (pdr.lt.comp) cs4 = ‘is not’
if (¢bc1))
+ write(8,’(5x,"Probability of Radar [ietection 15 *,f5.3,
+ *. Random number is *,f5.3,"."/7xy"Red *,
+ iz;lx;(léy' detected.®)’)
+ pdrycomp,icsycsd
if (pdr.lt.comp) go to 10024
nred = nred+l

The total number of threate and the ten
closest threats (radar contact) are

saved.
if (gset(ntry7+7).1t.2) gset(ntry7+7) = 1
if (gset(ntry7+7).qt.1) qset(ntry74¢7) = 3
do 10022 .j1 = 1,n2
if (rng.lt.red(j1)) then
teap = red(jl)
itemp= ired(jl1)
red(.jl) = rng
ired(.jl1) = ics
rng = temp
ics = itemp
if (rng.gt.500000) go to 10024
endif
continue
endif
ptryd = nsucrintryd)

ntry7 = nsucrintry’/)
continue
if (redd) then
do 10040 41 = 1,11
thtrrinl, jl) = 999999
itrr(nl,.jl) =0

continue
ntrrinl) = nred
virr(nl) = redl(l)
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ivtrri{nl) = ired1(1)
1f (gset(ntry2+7).gt.0) then
nred = min(10,nred)
do 10042 .1 = 1,nred
thtreint,il) = red(,jl)
itrr(nl,.j1) = ired(.j1)
continue
thtrr(nl, 11} = thtrrinl,1)
itrr(ni,11) = itrr(ni,l)

encif .
go to 10032
endif
do 10028 j1 = 1,11
thrt(nl,j1) = 999999
ithrt(nl,j1) =0
continue
nthrti{nl) = nred
vthrt(nl) = redi(1)

ivthrt(nl) = ired1(1)
nred = min(10,nred)

go 10030 .j1 = l,nred
thrti(nl,.jl) = red(.j1)

ithri(nl, 1) = ired(jl)
continue
thrtinl,11) = thrt(nl,1)
ithrt(nl,11) = ithrt(nl,1)
nS = gsetintry2+%)
né = gsetintry2+10)
if (db(1))
write(8,’ (S, "Visual Threat! *,a5,i3,
Sxe "y Call Sign ist "y9%yidySx,
'y Range is! *,7,f15.2)%)csl,nl,
avithrtinl),vthrt(nl)
if ((db(4)).and.(redd)) then
write(8,/ (Sxy"Ntrr Red(®,12,°%) = ",135,10:, " Time! *,f8.2,
9%y"Flag = *»i3,'y Msn Code = ",14)’)nl,ntrri(nl),
thow,n3,né
write(8,’(Sxy"Threat Call Signs are?",3x,5(i4,10:0)")
itrr(nly11),y(itrr(nl, . j1),.j1=2,5%)
write(8,’(5xy*Threat Ranges are!’,7x,S{f1€.2)/))
thtrr(nl,y11),(thirr(nly.jli,y.jl=2,9)
go to 10034
endif
if (db(1)) then
write(B, (3s,"Nthrt Blue(*,i2,") = *,i5,10:,*Time!: *,£8.2,
S%y'Flag = *,i3,"y, Msn Code = ",14)’)nl,nthrtinl),
tnowynSyné
write(8, (Sx,"Threat Call Signs are!*y2:,S5(12,9%)) ")
ithrt(nl,11),(ithrt(nl, 1),.j1=2,5)
write(8, (5, *Threat Ranges are!*,S(f11.2),) ")
thrt(nl,11),(thri(nlyyl1),4J1=2,5)
endif
ntryl = nsucrintryl)
ntry2 = nsucr(ntryl)
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10036 cont:nue
if (redd) then
call schdl(10,5.,atribh)
return
endif
db(1) = .false.
redd = ,true.

~

P

lowel = 4,/357.3 .
h . upel = -B,/57.3 k
azlmt = 40./57.3 - 1
trng = 60000 1
tsl = / Red’ ]
- cs2 = ‘Kluye’ 1
& nd4d = nb '
n3 = nr ;
nlé =1 )
ni7 = 2 1
ntryl = amfe(s) .
ntry2 = mmfe(7) :
ntryé = mnfe(l) ]
ntry7 = amfe(2) *
go to 10008
end j
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subroutine cmpl0(ilyn2,n3,n4)
The dummy varinbles represent the following:

~)

aircraft callsign

..__ﬁ-_A‘A_A,A -
PA A [;Aw".,'.-

%
X
X H
4 n2: mission code derivative
X n3: wingman’s call sign
X n4: blue/red file pointer
x
. 1223003202008 023903308 3230883333883 3333333830338808¢853¢¢¢43¢39¢3333¢¢¢1
X . X
X This section flys Rlue aircraft around the CAP patterns and X
3 L ¢ comm:ts them on targets as appropriate. X
X X
E L3232 32 32220280283 8030 0883320 0¢33838333333 33338383 8¢20828¢¢08¢8¢20083¢8¢384¢
[‘ common/scoml/ntrib(100),dd(100),dd1¢100),dtnow,iismfa,mstopynclnr,

. incrdrynprint,nnrun,nnset,ntape,ss(100),551(100),tnext,tnow,»(100)
b coamon gset(15000)
common/ucoml/nsectr(b),ncap(3)ynbynryrthrt(24,11),thrt(24,11),
tnthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(80,11),thtrr(80,11),ntrr{80),vtrr(g0),
+ivtrr(80)
common/ucom2/db(20)
logiral dbi{(20)
dimension vec{(3)yvecl(I),vec2{3)uveci(3),flos(3), :
1 t10s(3),vb1(3)yvb2(3)yvr1(3),vr2(3) ;
if (db(10)) write(B,y (3, *'Capl0, Time *,f%2.2)’)tnow 4
db(1) = .false, K
if (il.eq.1) db(1) = ,true.

A check is made here for visually detected targets

o g W X%

if (n4.eq.0) then

ntryl = locat(il,1)

ntry2 = locat(il1,2)

nS = ivthrt(il)

if (nS.1e.0) go to 150

n7 = locat(n3,7)

i1f (gset(n7410),1t.111) then Y
ivthrt(il) =0 ,
vthrt(il) = 999999 1
go to 150

endif

W PN TTSrR

If the visually detected target is also
a radar contact to which the pilot is
locked upy, the visual routine ignaores '
it. J

I M I M I ¢ W

1f (db(5)) ]
+ write(8,’ (9, "Rlue *yi3,"' has tally-ho on Red ",13.' at Time®
+ 7 £9.2))11yivthrt(il)ytnow .
ntrvd = locat(ivthrt(il),s) \
do 112 41 = 1,3 ;
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vh1(,jl)= gsetintryl+jl)

vb2(.j1) = gset(ntryi+3+.j1)

vrl(,jl) = gseti{ntiryé&tjld

vr2(.,j1) = gset(ntryé+3+.l)
112 continue

If the nilot is reacting to a visual
tnreat he tries to turn hard and
point at him in order to use his
weapons., .

call los(vrl,vhl,tlos,xmagyphi)
nS = gset{ntry2+1)
if (n5.gt.0) then

n7? = locat(nS,2)

gset(n7+1) = 0

qset(n7+6) 1
endif
gsetintry2+l) = 0
gset(ntry2+é) = 1
gsetintry2+7) = umag
n2 = 11

gsetintry2+10) = 121
gset{ntry2+9) = 4
if (db(5))

+ write(8, ' (3x,*'Rlue ",i3,’ reacting visually to * N
+ ‘Red "4i2:", Time *,f9.2)%11,ivthrt(il),tnow ‘
call cmpl110(il,yn2,n3,n4) 1
return :
endif 1

150 continue

Section 1000 is the CAF section which keeps the aircraft ¢

assigned to CAPs in thear proper patterns.
QSET(NTRYZ249) ¢ > Straight Out
> Turn Qut
> Not Used
> Turn In
> Straight In

-2
-1
0
1
2
3
4 =: Departing Rase
1000 ntryl = locat(il,l)
ntry2 = locat(il,2)
gset{ntry1+9) = 383
qset(ntryl+10) = 20000

[lesired airspeed and altitude are set to
CAF airspeed and altitude,

if (qset{ntry2+6).eq.2) then

If there is a wingman, he is positioned 45 degrees
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(]E, ¥  back and 3000° out.

t?‘ n7

ne

qset(ntry2+1)
locat(n7,1)
f né = locat(n7,2)
»l 30C0%(cos(135.,/57,3)%qset (nS+4)~5in(135,/57.3)%
! + gset(nS+3))
: »2 = 3000%(sin(135,/57.3)%qset(nS+4)+cos(135,/57,3)%
h : + gqset(nS+3))
L gset(ntryl+l)
3 gset{ntryl+2)
T - gset(ntryl+3)
f._ gset(ntryl+4)
‘ qset(ntryl+3) gsetin3+9)
‘ gseti{ntryl+é) qset(nS5+4)
if (gset(ntry2+9).ne.qset(né+9))
write(8, (5x,"Rlue 2, CAP #°,il1,", Speed "yf7.2,'y Time *,
£9.2/5xy"Fosition? "y 3(*X(",1i1,")1",¢13.2,2)/5:, "Veloc1ty: *,
JOOX{ i1, )" y3%x,fBs4,45) )’ )n2yqset(ntrylt7),tnow,
(J2sgset(ntryl+,j2)yj2=1,3),(.j2,qset(ntry1+3+2),.j2=1,3)
gset(ntry2+9) = gset(né+9)
gset(ntry2410) = gset(né+10)
return
endif
if (thrt(il,1).1e.,200000) then
4 né = locat(ithrt(11l,1),6)
n7 = locat{ithrt(il,1),7)
if (qset(n7410).1t.111) then
do 6 42 = 1,9
1thrt(il,,j2) = ithrt(il,. j2+1)
thrt(il,,42) = thrt(il,.j2+1)
6 continue
ithrt(i1,10) = 0
thrt(il,10) = 999999
1thrt(il,11) = ithrt{il,1)
thrt(11,11) = thrt(il,1)
nthrt(il) = nthrt(il) - 1
if (nthrt(il).gt.0) go to 4
go to B
; endif
: if (gset(né+2).gt.10389200) go to 8

dset(nS+1)4:1
gset(nS+2)+x2

gset(n3+3)
gseti{nt+d)

% ¥ I e
+ + + -+

N

Aircraft from CAPs 1 and 3 commit first, on
targets within 40 NM. CAP 3 comnits on
targets within 30 NM.

¥
e
% 3¢ s e ¥

gsetintry2+9) = 1
ncap(n2) = ncap(n)-1
Vo 1f (gset(ntry2+1).ne.0) ncap(n2) = ncap(n2)-{
E. if (db(5))
. + write(8,y’ (Sxy"Blue ",13," committed from CAF ",12,"y Time!"®
+ v$8.2))11yn2ytnow
n2d = 10
call cmp100Cil,n2,n3,yn4d)
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return

endif
8 ntryt = locat(n2,d)
do 10 41 = 1,3
vec2(jl1) = gset(ntryS+yl)
vecl(.jl) = gset(ntryl+jl)

vec(.jl) = qsetintryl1+3+,j1)
10 continue
if (gset(ntry2+9).gt.3.5) then

X Aircraft is departing base
if (db(5))
+ write(3,/(5:; *Rlue *,13," departed base at Time *,f7.2,
+ * for CAP*,1i3)’)il,tnow,n2
call los(vecl,vec2,flosyxmag,phi)

Establish Line-of-Sight vector from PP to CAF Foint

I I I

gset (ntry2+9)
qset(ntryl+7)
qgset(ntryl+9)
gset(ntryl+10) = gset(ntryS5+3)
uvec (1) flos(1)¥cos(-10./57.3)
uvec(2) flos(2)%cos(-10./57.:3)
uvec (3) €in(=-10.,/57.:3)
¢nll unitiyvec,uvec)
do 14 .1 =1,3
gset(ntryl+3+y41) = uvec(,jl)

14 continue

q0 to 30
endif
if (gset(ntry2+9).gt.2.5) then

w o u
[ IR N ]

o 0
o an

This is first time into
Subroutine Compute on CAP assignment.

I ¢ e W

@ call los(vecl,vec2,flosyxmag,phi)

A gseti{ntry2+9) =1

- gset(ntryl+9) = 583

= gset{ntryl1+10) = qset(ntryS5+3)

o ncap(n2) = ncapin)+l

4 if (gset(ntry2+41).gt.0) ncap(n2) = ncapi(n2) + 1
endxf

call los(vecl,vec2,flosyxmag,phi)

Check to see if aircraft outbound in CAP
has reached the far end,

% % I W

1f ((geet{ntry2+9).1t.~1.5),and.(xmag.at.72000)) then

if (db(1))

4+ write(8,’(Su,"'RKlue 1, CAF #°,1i1,°, SDEEd Yf7.24y Time 'y
+  £9.2/5u,"Fositions 30X (*y11,") 0, f13.2. ) /Sy Velocatyr Y,
b + 3\"X(',ll,')!'y3>1,F8.4,4;-:))’)n:’yqset(ntry1+7),‘,nou,

"Ii 'v'i.rrlArrv~vi

T~
”'
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+ (j2yveci(yd)yj2=1,3),(j2,vec(.j2),.j2=1,3
if (db(13)
+ write(8, ' (S5x,"CAP *,i1," range 15 *,fS.1,° NMN*/10x,°CAF *,
+ 11," location is *,3("X(",il1,°)3",f13.2,2x))")n2,
+ xmag/6000.,n2,(,j2,vec2(.,j2),.j2=1,3)
gset(ntry2t?) =1
if (db(3))
+ write{8,’(5x%,"Rlue *,i2,°® turning inbound in CZAFP *,il,
+ 'y Tille: ',f8.2)’)i1,n2;tnow
go to 30
endif

Check to see if aircraft inbound to CAF
has arrived.

if ((gset(ntry2+9).qt.1.9).and.(%mag.1e,3000)) then
if (db(1))
+ write(8,’(5x,"Klue 1, CAF #',i1,*, Speed *,»¥7.2,"; Time *,
+ £9.,2/5%,"Position?  ,3(°X(",11,")i",f15.,2)V/ %, "Velocity: *,
+  3(°X( ',J'iv'):',3>(,f8.4_-4>:))’ )nl’,qset(ntryli'?);tnow,
+ (.jzyV‘?Cl(.jZ)y.j2=113)p(JZyVEC(JQ)'.j?:lyS)
if (dbil))
+ write(8,’(5x,"CAP ",11," range is ".f5.1,* NM"/10x,"CAF ',
+ 11," locatinn is ",3(*X("y11,",:*,f15.,2))’)n2,
+ >:mag/6000. N2y (.,jz,VECZ(.jQ),.jQ:lyE)
gsetintry2+9) = -1
if (db(5))

-y

+ write(8,’{3x,"Rlue *,1i2," turning outtound 1n CAP *,i2,
+ .y Tine 'yf7.2)’)i1yn2ytnow
go to 30
endif

if (abs(gset(ntry2+9)).gt.1.3) go to 30

Check to see if aircraft turning
inbound have coapleted the turn,

if (gseti(ntry2+%9).qt.0) then
call los{vecl,vec2,flos,>mag,phi)
call dot(vec,flos,dprod,cytheta)
if (abs(theta).,1t.,(10,/57.3)) then
do 20 .1 = 1,3
gset(ntry143+.j1) = flos(,jl)
20 continue
gset(ntry2+9) = 2
1f (db(1))
+ write(8,’(5x,"Blue 1, CAF #*,i2,", Speed *,f7.2,", Time °*,
+ £9.2/5,"Positiont Yy 3("X{*,12,")1%,F15,2)/5,"Welocityr *y
+ 30X ,12,")8%,3xyfB844,4x)))In2yqsetintryl+7),tnow,
+ (Jj2yvecl(.j2)4.j251,3),(j2svec(.j2),.j2=1,3)
if (db(1))
+ write(8, (5Sx,"CAF ",11,* range 15 ", f0.1," NM'/104,'CAF *,
+ 11," location 1s *,30"X("y11,")1"yf15.2))7)n2,
+  umag/6000.,n2,{2yvec?(j2)4.j2=1,3)
1f (db(3Y)
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22 continue

If

Le

30

A W W W]

+ write(8,’(3x,"Rlue *,i2," headed inbound to CAP *,il,
*y» Time! *,f8.2)’)i1yn2,tnow
go to 30

endif

call turn(vec,flos,y2.3,ntryl,dtnowsqsetintryl1+7))

go to 30
endif
do 22 J1

vec2¢.,jl)

-+

1,3
gset(ntryS5+3+.,j1)

vec2(3) = 0
call unit(vec2,vec?)
call dot{vec,vec2,dprodyc,theta)

the turn is complete ,
assign the appropriate code.

if (thet001t0(50/5703)) then
gset(ntry2+49) = -2
if (db(1))
+ write(B8,/(5x,*Blue 1, CAP #°,1i2,", Speed "4+f7.2,", Time °,

+ f9.2/5:-:,'PoSiti0n3

T3(X(* 12,020, F15.2) /5%, "Velocity!

+ 3(*X(",i2,"

Yty f8.4,45)) Ind,qset(ntryl+7)ytnow,

+

(.j:yV?Cl(.JZ) y-_j2=173) ’ (.j2|V9C(.j2) y._j.-.’:l 73)

if (db(1))

+ write(B,’(Sx,"CAP ",il," range is ",f5.1," NM*/10x,'CAF *,

+ 11," location is *,3(*X(*,i1,*)*,Ff15.2))')n2,

+ xmag/8000.,n2,(j2,qs5et(ntry5+.,j2),.j2=1,3)
if (db(35))

+ write(8,'(5x,*Rlue

+ .y Theta = .7¢804y.y Time:
go to 30

endif

call turni{vec,vec2,2.9,ntryl,dtnow,oset{ntryi+7))

*yi2,' headed outhound in CAF *,il,
.y+\802)/)llynZythetotnow

vel Off (if required)

Check to see if the aircraft is close
enough to his desired altitude to
begin to level off.

delta = abs(gset(ntryl+10)-gqsetintryl+3))
vvi = abs(0.6Xgset(ntryl+édXgset{ntryl+?))
ddlta = max(1000./60,,vvi)
if (delta.lt.ddlta) then

sign = 1

if (qgsetintryv146),1t.0) sign = -1

if (delta.1%.200) then

qset(ntryl+é) =0

else

gset (ntryl+s) = gset(ntryl+6)+ddlta¥sign
endif
do 32 .1 = 1,3

vecl(.jl) = gsetintryl+3+,1)
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32 continue
call unit(vecl,vecl)
do 34 4l = 1,3
gset intry143+4.j1) = vecl(Jyl)
34 continue
endif
db(l) = .false.
return
end .
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4000

4010

4006
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subroutine cmpd0(il,n2,n3,n4d)

The dummy variables represent the following:

i1? aircraft callsign

n2: mission code derivative
n3: wingman’s call sign

n4: blue/red file pointer

This section cortrols the Red Fscort fighters.

1333233333383 03332333238033 338000838000 00038300808¢0¢03323¢8838383¢8 0828

X

X
X

00832002820 203322280322¢0220328¢03¢3038003302304230288028803880800028033¢0084923F

comrmon/scoml/atrib(100),dd(100),dd1(100),dtrow,ii,nfa,mstopynclnr,
Incrdrynprintynnrun,nnset,ntape,ss(100),s51(i00),tnext,tnow,»:(100)

comnon  gset (15000)

common/ucoml/nsectr(é}yncap(3),nb,nryithrt(24,11),thrt{24,11),

tnthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+:trr(B80,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivirr(80)

conmon/ucom/db(20)

logical db(20)

dimension vecl(3),vec2(3),xlos(3),

1 vb1(3),yvb2(3)yvb3(3),vr1(3),vr2(3)ya(10)

1f (db(10)) write(B,’ (5, *Cmp40, Time *,f9.2)')tnow
ntryé = locat(il,8)

ntry7 = locat(il,?)

1f (gset(ntry7+6).eq.2) return

nd =0
if (qset(ntry741).gt.0) then
ng =11 + 1
né = nsucrintrysd)
n7 = nsucri{ntry?)
do 4010 41 = 1,3
vecl(jl) = gset(né+;1)
vec2(jl) = qset(né+3+4.j1)
continue
if (qset(n7+9).eq.0) gset(n7+¢9) = 1
endif

if (gseti(ntry7+9).eq.3) then
ntry8 = laocat(il,8)
if (gqset{ntry8+1).le.0) then
qset(ntry7+49) = 2
endif
endif
A f ((ntrr(ii)ogtOO)oondo(qset(ntry7+9).1t.1.5))
+ gset(ntry7+¢9) = 2
if (nS.gt.0) gset(n749) = 2
do 4006 j1 = 1,3
vri(.,jl) = qset(ntryétjl)
vr2(41) = gsetintrybti+jl)
continue
1f (gseti(ntry7+9).eq.0) gseti{ntry7+9) =1
1f (gsetintry7+8).eq.2) go to 4400
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4300 1f ((qset(ntry7+%).,eq.3).0r,gsetintry7+¥).,eq.2)) then
nl0 = itrr(il,11)
if (n10.,1t.0.5) then
qset(ntry7+®) = 1
if (nS.gt.0) qset(n7+9) =1
do 4008 .j1 = 1,11
itrrtil,.j1) = 0
thirr(il, j1) = 999999
4008 continue
nter(il) = 0
go to 4100
endif
nil = locat(nl0,1)
nl12 = locat(nl10,2)
if (qset(n12+410).1t.111) then )
gset (ntry749) = 1
if (nS.qt,0) gset(n7+9) =1
do 4310 .jl = 1,11

iter(il,jl) = 0 . et O Ceh e 1® o ge ® P..s o o W
thirr(il,j1) = 999999 !
4310 continue H
ntrr(il) = 0 )
go to 4100
endif ]
do 4312 j1 = 1,3 ]
vbl(.jl) = qsetinll+.jl) .1
vb2(.jl) = gset(nl11+3+,j1)

4312 continue
call los(vrl,vbl,xlosyxmag,phi)
if ((gset(ntry7+9).eq.2).and.(xmag.1t.3000)) then
gset{ntry7+9) = 1
if (nS.qt.0) gset(n7+9) =1 o
do 4318 41 = 1,11 3
itrr(il,j1) =0 ]
thirr(il,.ji) = 999999 x
4318 continue E
ntrr(il) = 0 -
go to 4100 [ ]
endif
call dot(vr2,xlos,dprod,c,thetal)
call dot{vb2,xlos,dprodyc,theta2)
rtheta = atan(gset{ntrys+7)/(4.0%32.2))
if (abs(thetal).lt.rtheta) then

AL

do 4314 j1 = 1.3 )
gset(ntryb+ss j1) = xlos(.jl) 1
4314 continye 3
else !
call turn(vr2,x105,4.0yntryé,ydtnow,gset (ntrys+?)) ]
endif 1
if (nS.qt.0) then 4
do 4320 .l = 1,3 y
gset (n6+3+4,1) = gsetintryé+3+,1)
4320 continue %
endif )
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3
re ; nb=2
& ? nr=80
[‘ X
v X 'nb® and °nr® are the number of Elue ard the
;_ X nunber of Red aircroft available.
3 X
0 do 32 j1 = 1,14
wi(jl) =0
. 32 continue
(1) = 4 °
i (2) = 16
X
X XX¢1) and XX(2) are the number of
X Blue and Red aircraft involved
X in the simulation run,
X
blue(l) = 10eé
blue(2) = 10eé
blue(3) = 0
X
X ‘'blue® is an array which holds the coordinates
X of the blue airrfield.
X
a(1)=10eé
a{2)=10eé
S do 12 .j1 = i,nb
4 call filemti,a)
12 continue
X
¥ The aero information and operational files
X are initiallized with the values the
X aircraft would have sitting on the base.
X
a(1)=0
X The first element will be the wingman’s call sign.
a(2)=14500
X Second:! fuel load in pounds,
a(3)=4
X Third: number of radar missiles.
aid4)=4
X Fourth?! number of heatseeking (IR) missiles.
a(5)=9
) X Fifth: number of seconds of cannon fire,
d a(9)=4
g X Ninth! mission flag (4 d% nroff -0,35- AppenC
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E" (TT’ go to 4350 ]
. ( 4

. endi+y
jn 4400 1f ((qsetintry749).eq.3).or.{qcet{ntry7+9).eq.2)) then )
o N10 = 1trr(il, 1)

if (n10,1t.,0.5) then
. gset(ntry7+49) = 1

" 1f (nS.gt.0) gset(n749) = 1
o do 4408 .j1 = 1,11 ]
b . itrr(il,j1) = 0
thtrr(il,j1) < 999999

N 4408 continue
: ntrr{il) = 0
L - oo to 4100 ]
- endif :
d phil = 20,/57.3 J

phi2 = -20,/57.3

! theta = 10/57.3

nll = locat(nl0,1)

nl2 = locati{nl),2) :
1 if (gset(n12+10),1t.111) then :

['4 gset(ntry749) = 1 ,
- if (n5.gt.0) gset(n7+%9) =1
] do 4410 41 = 1,11

1trr(il,j1) = 0

thtrr(1l,y1) = 799999 )
o 4410 continue 1
( ntrr(il) = ¢ l
go to 4100
endif 1
do 4412 1 = 1,3 ]
vb1(.j1) = gset{nii+jl) f
vb2(.j1) = gqset(nii+3+.,j1) 1
- 4412 continue i
. call los(v=1,vblyilosyxmagsphi) ]
.- call dot(vr2,xlos,dprod,c,thetal) .

call dot(vb2,>losydprodscsthetal)

b rtheta = atan(gset(ntry6+7)/(4,0%32,2)) ;
e if (xmag.1e.40000) then )
3 if (abs(thetal).le.rtheta) then 1

do 4414 j1 = 1,3
gseti(ntryé6+3+.j1) = xlos(.jl)

: 4414 continue :
. else ]
}. call turn(vr2,xlos,4.,0,ntryé,dtnowrgset(ntryst+?)) 4
L. endif i
& if (nS.gt.0) then .
t;f ntrr(ns) =1 ]
- do 4416 j1 = 1,11 )
b - thtrer(nd, 1) = 999999 1
;Q 1trr(nS, 1) = 0 4
’ 4414 continue :
. itrr(nS,y1) = 1trrizl, 1) ]
S 1trr(nS.11) = 1trr(il,1) ‘
: thtrr(nSy1) = thtrr(al,1) ]
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thtre(nS,11) = thtrriil,1)
zall los(vecl,vbl,xlos,xmagi,phi)
call dot(vec2,xlos,dprod,c,thetal)
1f (abs{thetal).le.rtheta) then i
do 4428 ;1 = 1,3 .
gset(né+3+.j1) = xlos(.jl)
4428 continue
else
call turn(vec2,xlosy4.0ynb6sdtnow,gsetintryédt?))
endif *
endif
go to 4350
endif
1f (xmag.le.120000) then

vh3(1) = xnlos(1l) X cos(theta) + x1los(2) X sin(phil)
vb3(2) = xlos(1) % (-cos{theta)) X sin(phil) + xlosi{2) X
+ cos{theta) X cosi{phil) + xlos(3) X sin(theta)
vb3(3) = xlos(1) X cin(theta) %X sin{phil) +xlos(2) X
+ (-sini{theta)) % cosi{phil) + xlos(3) X cos(theta)

call unit{vb3,vb3)
call dot(vr2,vb3,dprodyc,thetal)
rtheta = atan(gset{ntrys+?)/(4,0%32.2))
if (abs{thetal).le.rtheta) then

do 4422 41 = 1,3

gset(ntryé+3+.jl) = vb3I(j1)
4422 continue

else

call turn(vr2,vb3,4.0yntryd,ydtnowsgsetintrys+?))
endif
if (nS.qt.0) then

call los(vecl,vblyxlos,smag,phi)

call dot(vec2,xlos,dprodycythetal)

vb1(1l) = xlos(1) ¥ cos(theta) + »nlos(2) X sin(ph12)
vb1(2) = xlos(1l) X (-cos(theta)) X sin{ph12) + xlos(2) X
+ cos(theta) X cos(phi2) + xlos(3) X sin(theta)
vb1(3) = xlos(1) X sin(theta) X sin(phi2) +:los(2) %
+ (-sin(theta)) X cos{phi2) + xlos(3) ¥ cos(theta)

call unit(vbi,vbl)
call dot(vec2,vbl,dprod,cythetald)
if (abs(thetald).le.rtheta) then
do 44246 .,j1 = 1,3
qset (n6+3+.j1) = vbl(,jl1)
4424 continue
else
call turn{vecl,vbl,4.0,né6,dtnow,gset(né+7))
endif
endif
endif
end1f
4350 if (gseti(niry7+9).,eq.3) return
1f (qset{ntrvy7+9).eq.2) then
ragx = 15000 +108000 X sint{abs(thetal/ /&)
rmin = 4000 + 10000 X sin(abs(thetal/3))
himax = 6000 - gset(ntrys+3)/4
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ntmin = 1500 +3000 X sin(abs(theta2))
if (abs(theta2).qt.(45./57.3)) htmin = htmax
if ((xmag.gt.htain) .and.(xmag.lt.htmax)) then
if (abs(theta2).1t.(45,/57.3).and.(qseti{ntry7+4).qt.0))
+ then
if (abs(thetal).1t,{10./57.3)) then
gset(ntry7+4) = gset(ntry7+4) - !
qset{ntry749) = 1
do 4320 .j1 = 1,3
n(jl) = gseti{ntryét,jl)
a{Jj1+3) = gset(ntryé+3+,j1)

4330 continue
al{7) = qsetintryé+7) + 1000
a(8) = 22
a(9) = ni10
a(l10) = >mag

call filem(9,qa)
write(B, (Sx,"Red "»i3," launched heaiseeker at °*,
+ *Blue *»i3," Time *,f9.2)°)11,n10,tnow
#x(14) = »x(i4) + 1
gset(ntry7+9) = 1
if (nS.qt.0) qseti(n7+9) = |
do 4332 J1 = 1,11
1trr(il,.j1) = 0
thtrr(1l,j1) = 999999
4332 continue
ntrr(il) = 0
go to 4100
endif
endif
endif
if ((gsetintry743).gt.0).and.(gset(ntry7+9).ne.3)) then
if ((xmag.gt.rmin).and.{xmag.lt.rma:x)) then
if ((phi.gt.0.,17452).and.(gset{ntryé+3).qt.-10000))
+ return
if (abs(thetall.le..34904) then
do 4334 ,ji = 1,3
a{jl) = gset(ntryé+.jl)
a(.j1+3) = qset(ntryé+3+,j1)

4334 continue
a(7) = gsetintryé+7) + 1100
a(8) = 90
al(®) = nl10

a{10) = xmag
ntry8 = locat(il,8)
do 4336 j1 = 1,10
gset(ntry8+.j1) = a(.,jl)
4334 continue
write(B8,’(Sx,"Red "4i3," launched radar missile at *,
+ 'Rlue *"y13," Time ",f%.2)")ilynil0ytnow
qse* (ntry7+3) = gset(ntry743) - 1
gset(ntry749) = 3
wx(13) = x(13) + 1
if ((nS.gt.O)sand.{2trr(nS,y11).eqeatrrizl,113)) then
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(iE\ do 4340 j1 = 1,3 .
vri(.jl) = gseti(nét.jl) 4

vr2(,j1) = gset(nét3+,;1) [

4340 continue .

call los(vri,vbl,xlosy>magyphi)
if (ixmag.gt.rmin).and.(xmag.lt.rmax)) then
if ((phi.gt.0.17452).and.(qset(né6+3).qt.=-10000))
+ return
) if (oset{ntry743).le.0) return
if (cset(ntry749).eq.3) return
if (abs(thetal).le..34904) then
do 4342 .j1 = 1,3
a(jl) = gset(no6+4l)

‘ a(.j143) = qgqset(né+3+.j1)
4342 continue
a(7) = gset(né+7) + 1100
a{8) = 90
a(9) = nlo

a(10) = xumag
ntry8 = nsucr{ntryB)
do 4338 ,j1 = 1,3
gset(ntry8+.j1) = a(,jl)
4338 continue
write(B,’(%.:,*Red ",i3," also lounched radar °'
+ *missile at Blue ",i3," Time *,f9.2)°)n5,n10,tnow
gset(n7+9) = gset(n7+3) - 1
( gset(n7+9) = 3
3 (13) = »x{13) + 1
endif
endif
return
endif
) endif
o endif
- endif
- endif
4100 if (gset(ntry749),1t.1.5) then
if (gset(ntry7+7).eq.1) then
do 4110 j1 = 1,3
vb1(.,j1) = blue(,jl)
4110 continue
call los{vrl,vbl,xlos,xmag,phi)
: call dot(vr2,nlos,dprod,cytheta)
! »los(3) = 0 >
: call unit(xlos,xlos)
rtheta = atanigqset(ntryé+7)/(3.5%32.2))
if (abs(theta).le.rtheta) then
do 4112 )1 = 1,3
qset(ntryé+3+,)1) = xlos(,yl)

rar A en® e

oy

! 4112 continue ]
else )

~ call turn(vr2,>los,3.5yntryé,ditnow,qeet(ntrys+?))
endif |
if (gset(ntrv7+6).eq.1) then i
1
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if (xmag.1t.72000) then
gset(ntry7+7. =2
if (nd.qt.0) qsetin7+47) = 2
endif
endif
endif
if (gset(ntry7+7).eq.2) then
if (%mag.1t.30000) then
qset (ntry7+1Q) = 100
writei(8,/ (3%, 'Red *"y13," landed, Time *,f%9.2)’)il,tnow
if (nS.,qt.0) then
gset(n7+10) = 100
write(B,’ (Sxy"Red "+13,' landed, Time "f9.2)')

+ nS,tnow

endif
return
endif
ng =1
if (il.qt.40) n8 = 2
do 41146 ,j! = 1,3
vbi(.ji1) = redb(n8,.j1)
continue
call los(vrlsvbl,xlos,xmagsphi)
call dot(vr2,xlos,dprod,crteta)
rthetes = gtan(gset(ntiryd+7)/(3,.5%32,2))
if (abs{theta).le,rtheta) then
do 4118 ,j1 = 1,3
gset(né+3+.jl) = gset(ntryé+3+jl)
continue
endi1f
endif
endif
if (n5.9t.0) then
if ((gset(ntry7+8).eq.2).and.(nS.gt.0)) then
call los(vriyvecl,xlos,xmag,phi)
if (»mag.gt.2000) then
call dot(vec2,xlos,dprodsc,thetal)
if (abs{thetal).le.rtheta) then
do 4120 .jl1 = 1,3
gset (nd+3+.§1) = xlos(.jl)
continue
else
call turn(vec2yxlos,y4.0ynéydtnow,qset(ns+7))
gset(né+9) = gset(ntryé+7) ¥ 1.2
endif
return
else

gset(nét+?) geetintrys+?)

gseti(né+?) = gset(ntryéty)
endif
do 4114 j1 = 1,3
gset(n6+3+,1) = gset(ntryéd+3+,1)
continue
endif
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endif
retirn
end
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subroutine capé60(il,n2,n3,n4d)

¥ The duemy variables represent the following? )
¢

X il? aircraft callsign ]
X n2: mission code derivative :
X n3: wingman’s call sign ]
X n4: blue/red file pointer ]
* ‘
1328388302 338030333¢ 0208233383038 388¢8383333230839¢83283 3080880033333 ¢882¢0%. |
4 ) X .
X This subroutine flys heatseeking (IR) missiles nut X ]
X to targets and determines whether the target 15 killed. x ]
X 4
1823203302238 ¢388823803¢2323023¢33¢28¢0 830808003338 83090382¢3893¢333283¢3¢¢%: .

common/scoml/atrib(100),dd(100),dd1{100)dtnowsiiymfa,mstopyncline,
Incrdrynprint,nnrun,nnset,ntape,ss(100),551(100),tnext,tnow,xx(100)
common qgset(15000)
conmon/ucoml/nsectr(é)yncapi{3),nbynryithrt(24,11),thrt(24,11),
tnthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(80,11),thtrr{80,11),ntrr(80),vitrr(80),
tivtirr(80)
comman/ucom2/db(20)
logical db(20)
character csiXx4,cs2%4,cs53%é
dimension flos(3),
1 vb1(3),wb2(3)yvrl(3),vr2(3) i
if (db{10)) write(8,/(Sx,"Cupb0,y I1 *,i3,
+ "y Time "4f9.2)7)il,tnow
6000 ntry4 = male(il)
nn4 = nnq(il)
n7 =6
ng =7
csl
cs2
cs3 ‘is not’
if (il.eq.9) then
n7 =1
ng = 2 ’
¢sl = ‘ Red’
cs2 = ‘Rlue’
endif 4
do 42 J1l = nn4y17'1
ics = gseti{ntryd+9)
X write(8,’(5:,"Heat missile section, ICS = ",i4,', J1 = *,13,
X + "y N7 *4i3,"y N8 "i3)")
X + icsy.j1yn7,n8
ntryé = locat(ics,n7)
ntry7 = locat(ics,yn8)
X 1f (tnow.ge.1000) write(8,’(5x,"Foint 1))
if (qset(ntry7+10).1t.111) then
wri1te(8,’ (3, Heatseeker gonre ballistic, Target ',o4, ﬂ
+ 2,12y already dead.")")cs2yics
call ulink{jly11)
go to 6948
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endif ]

S if (tnow,ge.1000) write(3,’(Sx,*Foint 2%)7) 4
do 44 ,j2 = 1,3 |

vb1(.j2) = gset(ntryd+,2) )

vb2(.)2) = qset(ntryd+3+j2) '

vr1(.,j2) = gset(ntrys+.j2) :

vr2(.j2) = qset(ntryé+3+j2) X

44 continua 4

X if (tnow.ge.1000) write(8,”(5x, Point 3°)7) ]
call los(vbl.vrl,rlos,xmagsphil) ‘

call dot{vb2,vr2,dprod,c,thetal) : ]

vel = gset(ntryd+7) 1

if (tnow,ge,1000) write(8,’'(3%,°Foint 4°)")
do 46 .2 = 113
gset (ntry4+3+j2) = flos(,j2)
gset(ntry4+,j2) = gsetintry4+j2)+tgset(ntryd4+3+.j2)%velkdinow
vb1(.j2) = gsetintryd+j2)
46 continue
if (il.eq.4)
+ write(8,’{9x,"Heat missile section, Target is *,ad,13,
+ ' Speed *,f7,2," fpsy Time ",f7.2)’)cs2yics,vel,tnow
if (il.eq.4)
+ wWwrite(8,’(Sx,"Missile position! *,3{"X(*,i1,"):*,f15.2)/
+ 13x,'Velocity?d *H3(*X(%,i1,") ", 2:sfT:4,4%))7)
+ (j2yvb1(.j2)4.j2=1,3),(j24vb2(,j2),.j2=1,3)
if (il.eq.4)
+ write(8,’(5," Target position? *,3{°X(*,i1,"):",f15.2)/
+ 13x,"Velocity?! "p3("X(",il,") 1,2y f9.4,4:))")
+ Gj2yvr1j2)9.2=1,3)y (j2yvr2(,j2),.j2=1,3)

The IR missile calculations are simpler
because it uses a simple pure pursuit
instead of intercept headings.

P IE W I W I& W I I I I I I W I ®

tall los{vbil,vri,flos,xmag,ph1)
if (tnow.Qe.1000) write(8,’(Sx,"Foint 5")")
comp = gqset(ntry4+10) - xmag
if (il.eq.4)
+ write(8,’(Sx,'Frevious range: °*,f10.2,", Current Range: °*,
X + f10.2," Deltad °*yf7.1)’)gset(ntryd+10),xmag,comp
if (comp.1t.0) then
conp = unfrm(0.41.,9)
if (il,eq.4) then
L ¢ if (tnow.ge.1000) write(8,’(Sx,"Point 7*)7)
pK = 75
if (comp.lt.pk) then
csd = is '
gset{ntry7410) = 103 2
qset(ntry7+9) = 0
qset(ntry7+8) = tnow 1
if (tnow.ge.1000) write(8, (S, 'Foint B")') ]
nS = qsetintry7+1) 1
if (nS.qt.0) then ]
n? = locat(n3,7) A
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qset(nF+¢4) =1
geet(n9+1) = 0
endif
X if (tnow.ge.1000) write(8,’(Sx,"Foint 9°)’)
call ulink(.jl,il)
X if (il.eq.4’ |
| + write(8,'(3x,"Missile passed target, Kill determination: */
X + 15x,°PK = *,f6.4,", Random Number = *,fé.4,", Target ",aé,
X + * dead.')’)pk.compycsd
if (db(3)) |
+ write(8,’(5x,'Red *,i3,"' shot down by heatseeker at *,
+ *coord N*,f12.2,°%, E®*,€12,2," Time! *,f12.2)')1cs,
+ gset(ntrys+l),qeetintryé+2),tnow
X%(4) = »x(4) + 1
33i(B) = xx(8) + 1
go to 6048
else
call ulink(.,j1,il)
€s3 = ‘is not’
X if (il.eq.4)
X + write(8,’(Sx,"Missile passed target, Kill determination: */
X + 15%,°PKk = ",fb.4,", Ranacom Number = *,fé.4,", Target *,aé,
X + " dead.")’)pkycomp,csd
1f (db{%))
+ write(8,’(5x,"Red *,i4," survived heat missile shot., *,
+ ' Time *,f12.2)%)ics,tnow
go to 6048
endif
X
X Just as for the radar missile, a pkK
X is calculated at the point of closest
X approach, and compared with a random
X to ocetermine missile success or failure.
X
endif
if (i1.eq.%9) then
X if (tnow.ge.1000) write(B,’ (5, Foint 10")’)
pk = .4
if {(comp.1lt.pk) then
X if (tnow.ge.1000) write(8, (s, Faint 11%) ")
n3 = gset(ntry7+1)
if (n3.g9t.0) then
n% = locat(nS,2)
‘ qset(n%+6) = 1
.- gset(n9+1) = 0
& endif
) X if (tnow.ge,1000) write(8, (5%, "Foint 12')")
3 gset(ntry7+10) = 103
;Q qset(ntry7¢9) = 90
- gset(ntry7+4¢8) = tnow
- call ulink(yisnl)

Y if (db(5))
write(8,y’ (Sxy"Rlue ",13," shot down by heatseeker at ',
‘coord N'yF12.2,"%y E*»f12.2," Time! *,f12.2)'Vicey
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- q;b + gset(ntryb+l),qset(ntryés+2),tnow I

ba ®N(3) = ux(3) + 1 .

& x1{8) = xx(6) + 1 '

b go to 6048 :

t{j else <

- call uwlink(,t,i1) K

- if (db(5)) 1

‘i . + write(8y’(5x,"RFlue’,id,"' survived heat missile shot, *, X
+ * Time *,f12,2)°)ics,tnow g

L go to 6048

. endif

3 endif ]

3 ‘ :

*l X Just as for the radar missile, a pk “

{ X is calculoted at the point of closest 4

) X approach, and compared with a random ]

. ¥ to determine missile success or failure. 1

- * .

i endif

E‘ qset(ntry4+10) = xmag

. gset{ntry4+8) = gset(ntryd+B8)-dtinow

if (qset(ntry4+8).le.0) then

o call ulink(jl,i1)
- write(8,’(Sx,"IR missile self-destruct at end of flight °*,
- + "time, Time! *,f12,2)")tnow

o go to 69048
Sl § endif
. 6048 ntry4d = ppred{ntry4)
. X write(8,‘(Sx,"Cmps0, Bottom, Ntryd = *,i6)’)ntry4
- if (ntry4.eq.0) return
- 42 continue |

return

. end j
’ -3
5
e )
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subroutine cmp70(il,n2,n3,n4d)

*

X The dummy variagbles represent the following?

X

X il! aircroft callsign

X n2! wmission code derivative

3 n3: wingman’s call sign

X n4: blue/red file pointer

X

1 3330882020833 3 82300333289 8¢00233332000023238380¢033¢¢833¢32333380338¢88¢41
X * X
X This section flys out radar missiles and X
X determines their success or failure X
X after tney reach the target. X
| X
1328038043388 333888¢033803338¢083¢828838¢033889¢23¢¢8¢33388433¢88¢8¢2233¢83¢8R¢44:
X

common/scoml/atrib(100),dd(100),dd1{190),dtnow,ii,mfa,mstopyncinr,
Incrdrynprint,nnrun,nnset,ntape,ss(100),5s1(100),tnext,tnow,xx(100)
common qset(15000)
common/ucoml/nzsectr(é)yncap (I ynbynryithrt(24,11),thrt{24,11),
+nthrt(24),vihrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(B80,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivtrr(80)
common/ucom2/db{20)
logical db(20)
character ¢csik4,cs2¥4
dimension uvecl(3),flos{3),
1 tlosi3)yvb1(3)yvb2(3)yvr1{3)yvr2(3),vr3(3)
if (db(10)) write(8,’/ (S, Cmp70, Time ',f9.2) )tnow
7000 ntry3 = locat(ii{,n4)
i1f (n4.eq.3) then
ntryl = locat(il,l)

ntry2 = locat(il,2)
nil =1
ni2 = 2
€sl = ‘Rlue’
€¢s2 = ’ Red’
nlé = 6
ni7 = 7
endif
1f (n4.,eq.8) then
nil =4
nl2 =7
nlé = 1
ni7 =2
tsl = ’ Red’
cs2 = ‘Rlue’
ntryl locat(il, &)

ntry2 = locat(il,7)

ics = gqset(ntryl3+9)

L 1f ((db(5)).and.{(tnow.gt.830))
X + write(8,’(5Su, Radar missile section, ICS = *,13,
X + 'y QSETINTRY349) = *,13) )icsyintigset{ntry349))
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The aircraft which is the target is
taken from the missile inforamation.

ntryé locat(ics.nl1é)
ntry? locat{ics.n17)
b 4 if (tnow.gt.B840) write(8,’(5x,"Foint 1*)’)
- if (qsetintry7+410).,1t,111) then
do 7010 42 %= 1,10
qset(ntry3+.j2) = 0
7010 continue
write(B, ‘(Sx,a5,2%,12y" radar missile went hallicstic, °*,
*target *,a5,2x,1i4," already dead, Time! ',f12.2)")csl,
1l,c82yics,ytnow
1 return
A endif
[ if (gset(ntry249).1t.2.5) then
3 do 7008 .2 = 1,10
" gset (ntry3+,2) = 0
F‘ 7008 continue
write(8,’(Sx,05,2:2413," radar missile went ballistic, *,
1 *lost radar lock, Time: *,f12,2)’)csil,1l,tnow
return
endif

BRSO St
® e e % %

,,_,,t,,ﬁs
. i \
g -

X
( ¥ The pointer to the target aircraft’s position
X is located,

do 7032
vbl1(.j2)
vb2(.j2)
vr1¢.j2)
vr2(.j2)

continue

if (thow.qt.,860) write(8,’(3x,"Point 2*)")

2=1,3
gset(ntry3+,2)
gsetintry3+3+,2)
gset(ntryé+.,2)
qset(ntryé+3+.,)2)

LU | [ | [

O
4
8]

The positional and velocity vectors of the
aircraft and missile are loaded into
scratch arrays.

W ¢ ¢ I W ¥ ¥} Y

call les{vbl,vrl,flos,»magyphil)
call los(vri,vbi,tlos,:mag,phil)

The lines of sight (L0S) are calculated.
*los"' returns a unit vector oriented
along the LOS, its magnitude, and 1ts
depression or elevation above the
horizon,

€ I¢ I 3¢ I I

- vel = gset(ntrv3+7)
if ((db(Z)r.and.(tnow.gt.880))
write(B.’ (s, 'Speed 15 *,fB8.3,"' feet. cec’) lvel

3
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The missile velocity is extracted.

call cross{tlos,vr2,vr3yuvecl)

call cross(uveclytlos,vr3,uvecl)

call dotivr2,tlos,dprod,c,theta)

if (tnow.gt.860) writei(8,’ (5, "Point 3*)’)

‘cross® and 'dot’ are vector manipulation

subroutines which return vector and
scalar products of -two vectors,

tcomp = abs{sin(thetu))Xgsetintryé+7)
rcomp = eartigset(ntry3+47)X¥2-tcomp¥x2)

*tcomp® and °*rcomp® are the tangential and radial

034

components of the aircraft’s velocity relative
to its line of sight to the missile,

do 6034 .2 = 1,3
uvecl(,j2) = uvecl(,j2)xtcomp
flos(.j2) = flos(,j2)xrcomp
vb2(.j2) = uvecl(j2)+flos(,j2)
continue
if (tnow.qt.840) write(B,’'(5:x,"FPoint 4")’)

The missile‘s velocity is decomposed along the

36

48

LOS and then the components are added to give
the :ntercept vector.

call unit(vb2,vbd)
do 36 JZ = 193
qset(ntry3+3+.2) = vb2(42)
goet(ntry3+.,j2) = gset(ntry3+.j2)+qgset(ntry3+3+,52)%kdinowxk
qset(ntry3+7)
vb1(,j2) = gset(ntry3+.,2)
continue
call los(vbl,vrl,flos,xmagyphi)
gset(ntry3+8) = gset(ntry3+8)-dtnow
if (qset(ntry3+8).1t.0) then
do 48 j2 = 1,10
qgset(ntrv3+,j2) = 0
continue
go to 30
endif

The missile’s Time of Flight (TOF) 1s

decremented.

comp = gset(ntry3+10)-xmag
if (tnow.gt.860) writei(B,  (Gu,y'Foint 5')°)

The missile’s range is compared with the

previous range. If it 15 greater the
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»
4 .
- (iE\ 4 miscile has recched its point of
d X closest approach to the target. ]
{ X ]
S if (comp.1t.0) then )
& do 40 ,j2 = 1,10 )
= qset(ntry3+j2) = 0 ]
- 40 continue
" pK = ,75 F
h ° if (n4.eq.8) pK = .9 j
3 if ((abs(theta).gt.1.04712).and.(abs{theta).1t.2.09424)) 3
= + then 3
. pk = W9 .
. if (n4.eq.8) pk = 415 )
- end1f 4
l‘ X 1f (tnow.gt.860) write(B,’(Sx,"Point &6")") 1
o if ({n4.eq.8).and,(asin(gset(ntryi+8)).qt..17345)) pk = 0 :
3 X ]
. X A probability of Kill (pk) is assigned ;
X based on the relationship of the the ]
X missile to the target at time of closest
X approach. {
% .
X if (tnow.gt.860) write(8, (5%, "Point 7*)") :

comp = unfrm(0,,1.,9)
if {comp.lt.pk) then
e if (n4.eq.3) then
< if (ivthrt(il).eq.ics) then |
ivthrt (il) = 0
vthri(il) = 999999
endif
nthrt(il)
ntrr(ics) 0
gset(ntry7+10) = 102 |
gset(ntry749) =0
gset(ntry7+8) =tnow
- - do 7032 .j2 = 1,11
thrt(il,,j2) = 999999
p! ithrt(il,;2) = 0
thtrr(ics,.j2) = 999999
3 1trr(ics,,j2) = 0
" 7052 continue

PO

0

PP

A bt

» n8 = locat(il,2)
» if (gsetin8+1).gt.0) then
f‘ nd = gset(nB+1)
né locat(nS,1) ]
. n7 = locat(n5,2) )
o gset(n7+1) = 0
: gset(n7+4) 1
i endif
9 gset (ntry249) = 0

N endif
(=~ * if (tnow.gt.860) write(8, (Sx,'Foint 9°)7)
» 1f (n4,eq.8) then
ntrr(1l) = 0
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do 7054 2 = 1,11
itrr(il,.j2) = 999999
thtrr(il,j2) = 0
7054 continue
n8 = locat(11,7)
if (gset(n8+1).gt.0) then

ny = qset(n8+1)
né = locet(nS5,s)
n7? = locat(n5,7)

gset(n7+1) =0
gset(n7+5) =1
endif
gset(ntry2+%) = 0
gset{ntry7+10) =
qset(ntry7+9) =0
qset(ntry7+48) =
endif
do 38 .2 = 1,10
gset(ntry3+,j2) = 0
38 continue

A random numher is drewn and compared against
the pk value., If the pk is larger, the
aircraft is considered a loss.

The missile information is cleared from

File 3 and the gircraft is given
a mission code reflecting its
being shot down by a radar missile.

W I I I M I I I e

if (db(35))
write(8, /(9 ya5,2%y1i3y" shot down by radar missile, °*
‘coord N'yf‘lz‘zy'y E'v{'\lzo:’y' Time: .y¢1202),)C52y1C5y
gset(ntryétl),gsetintryéd+d),tnouw
if (nll.eqol) then
»x(4) = Nx(4) + 1
(7)) = wx{(7) + 1
nS = gqset(ntry7+1)
if (nS.gt.0) then
n7 = locat(nS,n17)

4+ + 4+

gset(n7+4) =1
gset(n?+¢1) = 0
endif
else

nS = gseti{ntry?+1)
if (nS.gt.0) then
n7 = nsucrintry?)

gset(n7+4) =1
gqset(n?7+1) = 0
endif
»u(3) = xn(3) + 1
9) = i(S) ¢+ 01
endif
else
do 42 42 = 1,10
157
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gset(ntry3+,;2) = 0

42 continue 4

if (db(3)) »

& + Write(8y’(Sx,a5,2x%,14," survived radar missile from ' R
+ 05)2)()137. Time "4"1202)/)CSZinSyCSIyilytnON i

endif E

" else h
h . X if (tnow.gt.850) write(B,’(5Sx,y"Point 10")7) ’ R
gset(ntry3+41Q) = »mag b

X endif

2 X if (tnow.gt.850) write(8,’(Sx,'Point 11%)7) )
. : 50 return ]
» end )
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subroutine cmp80(il,n2,n3,n4)
The dummy variables represent the following:

i1! aircraft callsign

n2! missicn code derivative
n3: wingman’s call sign

n4: blue/red file pointer

P 3 3 I I ¢ ¢

comamon/scoml/atribe100),dd(100),dd1{100),dtnow,ii,nfa,mstopynclnr,
incrdrynprint,nnrun,nnset,ntape,ss(100),s51(100),tnext,ytnow,»(100)
common qse:(15000)
common/ucomi/nsectr(4),ncap(3dynb,ynr,ithrt(24,11),thrt(24,11),
+nthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr{B80,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivirr(80)

common/ucom2/db(20)

logical db(20)

diaension vecl(3),flos(3),
. 1 vb1(3),vb2(3),vri(3),vr2(3),n(10)
['® if (db(10)) write(8,/(3x,"'CopB0, Time ',f9.2)')tnow

: 8000 ntryé = locat(il,é)
- ntry7 = locat(il,7)
T if ((ivtrr(il).gt.0).and.(gsetintry7+4).gt.0)) then

- nl10 = ivtrr(il)
nil = locatin1d,1)

/ do 8004 j1 = 1,3

N vrl(.j1) = gsetintryé+ i)
vr2(.jl) = gset(ntryé+3+j1)
vb1(.jl) = gset(nil+tjl)
vb2(.,j1) = qset(nl11+3+.;1)

8004 contipue

call los(vrl.vbl,flos,xmag,phi)

if (»mag.gqt.5000) go to 8008

call dot(flos,vb2,dprodyc,ytheta)

if (abs(theta).qt,(30./57.3)) go to 80083

call dot(vr2,flos,dprod,yc.theta)

if (abs(theta).1t,(30./57.3)) then

qset(ntry?+4) = gsetintiry7+4) - 1
v do 8006 .j1 = 1,3
P- a(j1) = gqeetintryét.jl)
a(,j1+3) = gset(ntryéd+I+jl)
8006 continue
a(7) = gset(ntryé+?)
a(8) 22
a(9) ivtrr(il)
2(10) = xmag
call filem(9,a)
write(8,’(Sxy"Red ",i3," launched heatseeker at EKlue ",i2y
'y Time *»f9.:2)“)ilyivtrr(1l),tnow
#u(14) = »x(l14) + 1
} ivtrr{al) = 0
-\ virr(1l) = 999999
endif
endif
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if (nl.eq«3) nrl = 2
if (nl.eq.%) nr1 =3 .
n2 = gqset(ntry7+9) 1
locat(n2,10) .
: gset(ntryé+l) .
h . vri(2) = gset(ntryé+2) 3
vri(3) 0 . ”
vecl(l) = gseti(ntryl0+nl)
vecl(2) = gset(ntrylO+ni+l)
vecl(3) =0
call losivrl,vecl,flos,rng,phi)
{‘ if (rng.1e.3000) then
if (il.eq.l’
+ write(8, (3, "Waypoint "»i2,*, Route ¢ ",i2,', Red ",id,
- + *y Time! °*,£8.2)')n2ynrl,il,tnow ;
N if (il.eq.1) 3
+ write(8,’(3x,"Range to Waypoint ",i2,2:,f9.2,' ft.")’)In2,rng
T" if (llerDl)
+ write(B, ' (Sx,*Ftr pOS: IO 1,y )iy Ff1102,2500) )
+ (j2ygset(ntryé+.j2),.j2=1,3)
1f (1l.eq.1)
+ write(B, (Sx,"Waypt Pos! *y3(*X{(",11,")i%,f11.2,2%)) ")
+ (.JzyVECI(.JZ),-JZ:lvs)
( qsetintry749) = gset(ntry7+¢9)+1
ntryl0 = nsucrintryli0) “
1f (gset(ntry10+nl).eq.999) then
write(8, (Sx,°Red '»14,° landed at Time: *,¢f8.2)7)1l1,tnow 1
. gset(ntry?7+10) = 100
- qgset(ntry7+9) = tnow
F end1f
return
end1f
do 8010 .41 = 1,3
vrl(jl) = qsetintryé+3+,j1)
8010 continue
call dotivrl,fne,dprod,c,theta)

. - .
) Q‘\ B00B nl = gset(ntry7+8)

*] nrl =1 3
b

: ntryl0
. vrl(l)

oW
4

s e

.-wa-v-y.-' —
e

if (theta.gt.("./57.3))

: + call turn(vr..7losy2.0yntryéd,dtnowyqeetintrys+7))
- return

. end
LN i
P .-4
4

) B}
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9000 do 9010

subroutine cmp90(il,yn2,n3,n4)

The duany variables represent the following!

i1% aircraft callsign

n2: mwmission code derivative
n3: wingman’s call sign

n4: blue/red file pointer

common/scoml/ntrib(100),dd(100),dd1(100) ,dtnow,ii,mfa,meton,ncinr,
lncrdrynprintynnrunynnsetyntape,ss(100),5s1(100),tnest,tnow, 5 (100)
coamon qset(15000)
common/ucomli/nsectr{éd)yncap(3)ynbynryithrt(24,11),thrt{24,:1),
tnthrt(24),vthrt(24),ivthrti{24),blue(3),redb(3,3),
+itrr(80,1:),thtrr(80,11),ntrr(80),vtrr(80),

+ivirr(80)

coamon/ucom2/db(20)

logical db(20)

dimension vecl1(3),vec2(3),uvecl(3)

if (db(10)) write(8,’(5x,"Cmp?0, Time *,f9.2) )tnow

Ji = 1,3
vecl(,jl) = gset(niryl+,jl)
vec2(.j1) = gset(ntryl+3+,1)

9010 continue

IE M K I

% M I W

X
X

X

Establish the line of sight between the

aircraft and the base.

call los{vecl,blueyuvecl,rng,phi)
if (rng.1t.3000) then
qset(ntry2+410) = 103
write(B8,’(5xy"Rlue *,12," landed at Time! ',f8.2)"J)il,tnow
endif
gset(ntryl49) = 700
if (rng.1e.60000) gset(ntryl+9) = 585

ChecK anirspeed to see if it is

the desired airspeed,

dlas = gset(ntryl+9)-qset(ntryl+7)
if (abs(dlas).lt.5) then
gset{ntryl+9) = gset(ntryi+?)
else
accel = 5
if (dlns,1t.0) accel = -3
gset(ntryl+7) = qseti{ntryl+7)+accel
endif
if (phi.le.atan(1.,/12,)) then
if (qset(ntry2+9).gt.1.3) go to 9020

Ilecide whether to level off or climb,

geet(ntry1410) = mind(-20000,qcetintry1+3))
delta = gset(ntryl410)-qset(niryl+d)
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uvecl(3) = 0
2020 if “(abs(delta).le.200).and.(gseti(ntryi+é).ce.
+ (-16.7/qset(ntryl+7)))) then
qset(niry2+9) = 2
call unit{uvecl,uvecl)
do 9012 .1 =1,3
gset(ntryi+3+.,j1) = uvecl(jl)
9012 continue
return
else

If the aircraft is not pocinted within
q few degqrees of home, turn him.

call turn(vec2,uvecl,2.5,ntryl,dtnow,gset(ntryi+7))

return
endif
call dot(vec2,uvecl,dprod,c,theta)
if (abs{theta).1e.0.01745) then
do 9014 j1 = 1,3
gset(ntryl+3+.,j1) = uvecl(jl)
9014 continue
else

call turn(vec2yuvecl,2.0yntryl,dtnowsqsetintry1+7))

endif
endif
return
end
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subroutine cmpl00¢il,n2,n3,n4)

¥ The dummy variaples represent the following:

X

X il: oircraft callsign

X n2: wmission code derivative

X n3: wingman’s call sign

X n4: blue/red file pointer

X

139302220333 30¢833323803328333303300800¢2320¢332800¢03208809383¢38328828343
L3 X
¥ This section runs Rlue intercepts and b 4
X executes Rlue tactics, X
X X
0322302008382 200 8008230280803 0028308803803 03038283¢38¢208003¢083¢302888¢23¢284%4

common/scoml/atrib(100),dd{100),dd1¢(100),dtnow,iiymfa,mstopyncliner,
Incrdrynprintynnrunynnset,ntape,ss{100),s51(100),tnext ,tnow,:(100)
common gset(15000)
common./ucoml/nsectr(d)yncap(3)ynbynryithrt(24,11),thrt{24,11),
tnthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(B80,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivtrr(80)

comsmon/ucom/db (20)

logical db(20)

character cs3xé

dimension vec(3),vecl(3),vec2(3)yuveci3),flos(3),

Yyvbl (3)yv B2(3) yvrl(3)yvr2(3),yai10)

if (db(10)) write(8,/(3:x,"Cmpl00, Time ",f9.2) )tnow

ntryl = locat(il,l)
ntry2 = locat(il,2)
if (ivthrt(il),gt.0) then
né = locatiivthrt(ii),?)
if (gset(né+10).1t,111) then
ivthrt(il) = 0
vthrt(il) = 999999
go to 150
endif

If the visually detected target is also
a radar contact to which the pilot is
locked up, the visual routine ignores
it,

€ I I I I I}

if (gset(ntry2+9).qt.1.5) then
if (ivthrt(il).eq.ithrt(il,11)) then
if (db(S))

+ write(8,’(Ssy"Hlue "y13,* has tally-ho on Red *,13,
+ ' (tgt of intcp) at Tame *,f9.2)')jlyivthrt(al),tnow
go to 150
endif
endif

1f ((qset(ntry2+9).0t.1.9).and. (vthrt(11).gqt.180001) go to 10000
if (db(Z))
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write(8,‘(Sx,*RKlue *,i13,* has tally-ho on Red ",13,"' at Time'
y£9.2))1lyivthrt(il),tnow g
ntryéd = locat(ivthrt(il),8) H
do 112 j1 = 1,3 R
vblijl)= gsetintryl+jt) ;
vb2(.j1) gseti{ntry143+4j1) .
vr1(,j1) = gsetintryé+,j1) X
vr2(.j1) gseti{ntrys+3+.j1) - 3
1312 continue 4

+ +

If the pilot is reacting to e visual k
threat he tries to turn hard and N
point at him in order to use his
wWeapons,

I I I I I I FH K

call los(vrl,vbl,tlosyxmagyphi)
call dot(vr2,tlos.dprod,c,ytheta)
if (abs(theta).ge..52356) go to 150
nS = gset(ntry2+l)
if (nS.gt.0) then
n7 = locat(nS,2)
gset(n7+1) = 0
gset(n7+6) = 1
endif
gseti{ntry2+1)
gset(ntry2+6)
gset(ntry2+7)
n2 = 11
gset(ntry2+106) = 121
qset(ntry2+9) = 4
if (db(5))
write(B8,’(5x,"Blue *,i3," reacting visually to °
'Red ",12,"y Time *,f9.2)’)ilyivthrt(il),tnow
; call cmp110(il,n2yn3yn4)
-~ return
o endif 7 |
150 continue
Cnpl100 is the workhorse of this program.
It runs intercepts and fires missiles.

0
1
xmag

+ +

o

X
X
X
X If the aircraft is locked on, go to a
X
X
1

different section., ' [L
2 0000 continue
a if (gseti(ntry2+6).eq.2) go to 10092
p; if (qeet(ntry2+9).9t.1.%) go to 10050
X
L‘ X An aircraft which has lost its radar "
b X lock either through the target being )
F . X killed or some other occurance has _
b § a code of zero. R
* B
b |
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10088 if (gset(ntry2+9).eq.0) then
if (nthrt(il).eq.0) then

ry

¥ If no visual nor radar targets, check i
X for an empty CAP and assign fighter
X to it.
X .
do 10018 .1 = 1,3 d
if (ncap(jl).eq.0) then |

gset (nt-y2+410) = 110441
qset(ntry2+9) = 3

n2 = 1

n3 = gqseti{ntry2+1)

n4d = 0 4
nd = gset(ntry2+1)

if (nS.gt.0) then
n7 = locat(n3,2)
if (gseti{n7+9).gt.1.5) then
gset{n7+1) =0
gset(n7+46) = 1
else
gset (n7+410) = 110 + .1
gset(n7+9) = 3
endif
endif
call cmpl10(il,n2yn3,nd)
return
endif
10018 continue
X
X (Otherwise, send to CAP 2,
b

gset(ntry2410) = 112
gset{ntry2+9) =3

n2 = 2

nS = gset(ntry2+1)
S if (nS.gt.0) then
P’ n7 = locat(n5,2)
1

if (qset(n7+9).gt.1.5) then ]
gset(n7+1) 0 )
gset(n7+4) 1

else ]

- gset(n7+10) = 110 + ,j1

rd qset(n7+9) = 3 :
endif 1

endif

call capl10(il,n2yn3,nd)

1 return

2 enaif

4 endif |

If coming into the section on a radar
intercept, sort through the rcdar
contact file looking for targets.

| .

'
% 3 I ¥

| T SR

A g g FULND WY YOy SO NP G WY Ukl S Wiy WY G G S S G U Y S Sy L G S VLY G G SR W W WL WP G S W W P PP




[
. 4
» :
o

L 4 .1

X
10150 nti = min¢10,nthrt(il))
do 10002 .l = 1,ntl
ics = ithrt{il,jl) 3
if (ics.qt.o) then %
niryd = locat(ics,y6)
ntry7 = locat(ics,7)

if (gset{ntry7+10),.1%t,111) go to 10002 ) §
if (qset(ntryé+2).1e.10389200) then
if (qset(ntry2+10).ne.120) then 1
gset(ntry2+10) = 120 8
nset(ntry2+9) = | :
if fqset(ntry2+6).eq.1) then N
ithrt(il,1) = ithrt(il,.jl) d
ithrt(il,11) = ithrt(il,j1) ]
thrt(il,1) = thrtf(il,j1) ]
thrt(il,11) = thrt(il,j1) 1
do 10030 .2 = 2,10 g
thrt(il,.j2) = 999999

ithrt(il,j2) = 0
10030 continue
nthrt(il) = 1
if (qset(ntry2+1).ne.0) then

né = gset(ntry2+1) g
n7 = locat(né,2) 3
gset(n7+10) = 120 "
gset(n7+9) =1 b
endif R
endif 1
endif ]
go to 10004 N
endif ("
endif :
10002 continue
X
X If there were no radar contacts,
X go back to the cap. 1
* Y
nthrt(il) = 0
do 10090 .j2 = 1,11 ]
thrt(il,.j2) = 999999 ;
ithrt(il,,j2) = 0 i

10090 continue )
qset(ntry2+49) =0 1
if (gset(ntry2+i).ne.0) then

né = gset(ntry2+l)

n7 = locat(néd,2)

if (gset(n7+9).gt.1.5) then
gset(ntry2+1) = 0

-

= qset(n7+1) =0

= gset(n7+¢6) = 1 }
(s go to 10088 j
- endif 3
S qset(n7+49) = 0 ]
-4
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end1f

go to 10088

10092 n5 = gseti(ntrya+l)
né = locat(nd,1)
n7 = locati{n3,2)

10100

10098

if (gset(ntry2+8).,eq.2) then
delta = qset{ntryi+10) - gset(ntryl+3)
if (abs(delta).1t,500) then
do 10100 ;2 = 4,3
gset(ntryl43+.j2) = gqset(né+3+,j2)
continue
go to 10004
endif
phi = 30./57.3
theta = 20./57.3
if (gset(n748).1t.0) phi = -30.,/57.3
if (delta.1t.0) theta = -20./57.3
vb2(1) = gset(né+4)xkcos(phi)tgset(nétd)ksin(phi)
vb2(2) = qset(né+4)x(-cos(theta))ksin(phi)
+gset(n6+S)xcos(thetal)¥cos(phi)
tqset(né+6)%cos(theta)
vb2(3) = gset(n6+4)¥sin({thetalksiniphi)
+qset (né+5)%k(-sin{theta))Xkcos(phi)
+gset(né+é)Xcositheta)
call unit(vb2,vb2)
do 10098 .j2 = 1,3
gset(ntryl43+,2) = vb2(j2)
continue
endif

10004 if (thrt!il,1).1e.90000) then

IE I I IE I I

% IE I

If the range to a target is less

pe

than 15 nautical miles, lock on.
This also cleans out the radar
contact file, as there is no
radar search when locked on.

if (qseti{ntry2+é).eq.1) then

if (il.eq.,1)
write(8,/(5:,"Flue 1 locking on to Red *,i2,"', Range *,
£f5.1,° NM, Time *,f9.2)’)ics,ithrt(il,1)/5000.,tnow
gset(ntry2+49) = 2
go to 10050

endif

if (gset(ntry2+5).,eq.2) then
nS = gset(ntry2+1)
né locat(nS,1)
n7 = locat(n5,2)
if((ithrt(il,y1).eq.ithrti(ni,11)).and.

+ {gset(n7+9).qt.1.5)) then

if (nthrt(i1).1t.2) return

if (thrt(11,2).,9t.90000) return
ithrt(11,11) = ithrt{il,
thrt(11,11) = thrt(a1,2)

167

.




ithrt(il,1) =
thrt(il,1) =
gset(n7+1) =

il Sl B oSt Sl e al Mhadh —fhadh Sheth Miamte Mngs Shad et Aihath Sl St Juint Shat et Skt -

ithrt(il,2)
thrt(il,2
0

PRSIy GO IR U S 2P X Sy W S

.. gset(ntry2+1)
- gsetintry2+6)
E gset(ntry2+9)
gset(ntry2+410) = 120
. go to 10050
endif .
if ((nS.gt.0).and.(qset(n7+9).9t.1.5)) then
gset(ntry2+6)
qset (ntry2+1)
qset(ntry2+9)
qset(ntry2+10) = 120
qseti{n7+6) 1
gset{n7+1) 0
endif
if ((nS.gt.0).and.(qset(n7+9).11.1.5)) then
qset(n7+1) il
qgset(n7+4) 2
gset(n7+9) 1
qset(n7+10) = 120
=1
=2

B un
M=o

n nn
MO

nnn
S
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gset(ntry2+6)
gset(ntry2+9)
gset{ntry2+410) = 120
endif
endif
endif

encadbli dedodiodend

R N

Get vectors for intercept calculations.,

. K X 3

0050 ics = ithrt(il,11)
if (ithrt(il,2).9t.0) then
do 10016 42 = 2,10
ithrt(il,j2) = 0
: thrt(il, j2) = 999999
& 10016 continue
P’ endif
if (ics.le.0) then
gset (ntry2+9) = 0
do 10062 j1 = 1,11
ithrt(il,j1) = 0
thrt(il,.jl) = 999999 ) '
10062 continue 1
nthrt(il) = 0 :
return
endif
ntryd = locat{ics,6)
ntry7 = locat(ics,7)

e M)

‘-f;";f". e
%

X Diecide on type of attack: from ahove or helow.

cs3 = ‘below’
gset(ntryl+10) = gset(ntry4+3.+5000

N 1 QTS
. .. T e
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if (gset(ntryé+3).gt.-7000) then
gset (ntryl+10) = gset(niryé+3)-8000
cs3 = ‘above’
endif
if (il.eq.1)
+ uWrite(8,’(5»,"Target Red
+ ]
+ " ft.")’)icsy~gset(ntryb+3),cs3,-qset(ntryl+10)
nS = gset(ntry2+l)
if ((n3.gt.0).and.(gset(ntry2ts).eq.2)) then
né = locat(nS,1)
qgset(né+10) = qset(ntry1+10) + 2000

I W W

..........

"izp" altitude ';f?.Q,' ft.*,
Attack will be from *,a3,°."/10x,"Attack altitude *,f9.2,

1f (gset(ntryé+3).gt.~9000) gset(né+10) = gseti(ntryl+10) - 5000

endif

Check to see if the target you are
locked on to is dead. (Your missile
or someone else’s may have Killed
him,)

% W I I I W

if (qset(ntry7410).1t.111) then
gseti{ntry2+9) = 0
do 10066 .jI = 1,11
ithrt(11,41) = 0
thrt(il,.jl) = 999999
continue
return
endif
do 10006
vecl(,jl)
vec2(.jl1)
10006 continue
call los(vecl,vec2,flos,»mag,phi)

100646

1 = 1,3
gset(ntryl+,j1)
gset(ntryét l)

w .

X if (il.eq.1)
X + write(8,’(Zx,"Rlue 1 intercepting Red *,12y', Range *,7.2,
b 4 + * NM, Time ®,f9.2)’)ics,»mag/é000,,tnow
rngint = umaaq
thrt(il,1) = xmag
thrt(il,11) = xmag
do 10008 .1 = 1,3
tlos(,jl1) = -flos(jl)
10008 continue
X
¥ INTERCEFT COURSE Section
X
X
¥ Set desired airspeed at 1.2 X target’s for
X intercept.,
X
gset(ntry1+9) = min(1000,1.2%aset{ntryé+7))
do 10010 .j1 = 1,3

vecl(.jl)
vec2i{.jl)
10010 continue

qset (ntryl+3+4,1)
qset(ntryé+3+,1)
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The iniercept course is computed in the same
manner as in the missile section. The target’'s
velocity is decomposed into two components,
one along the line of sight from the fighter to
the target and the other perpendicular to the
LJS and in the plane of the target’s velocity
and the LOS. The fighter’s velocity is then
decomposed in the same manner, matching the
perpendicular component of the target and
applying the rest along the line of sight.

The resultant vector is the vector from the
fighter’s position to the intercept point.

€ S I I I I I I I I I I I ¢

call cross{tlos,vec2,vec,uvec)
call cross{uvec,tlos;vec,uvec)
call dot{vec2,tlos,dprod,c,theta)
tcomp = abs(sin(theta))Xqset(ntryé+?7)
tgtrdl = abs(cos(theta))%gset(ntryét?7)
rcomp = sqrt(gset(ntryl+7)%xX2-tcomnpXxx2)
smag = Q
tmag = 0O
do 10012 j1 = 1,3
uvec(.jl) uvec(,)1)Xtcomp
flos(,yl) flos(.jl)Xrcomp
fvec(.jl) uvec (.jl1)+flos(.j1)
smagq = xmagtfvec(jl)xfvec(yl)
tmag = tmag + flos(.jl) X flos(yl)
10012 continue
xmag = sqrt{xmag)
tmag = sqrt(tmag)
tintcp = rngint/(tmag + tgtrdl)
do 10014 j1 = 1,3
fvec(.,jl) fvec(.jl)/xmag
uvec(.jl) fvec(,l) ,
10014 continue :
if (rngint.1t.48000) go to 10020 Y
delta = qset(ntryl+10) - gset(ntryl+d)
if (abs(delta).1t.500) then
fvec(3) =0
call unit(fvec,fvec)
go to 10020
endif
clmb = 30,/57.3
P if (delta.1t.0) clab = -30./57.3
b fvec(3) = fvec(3) + clab
; call unit(fvec,fvec)
;| 10020 continue
do 10052 1 = 1,3
vbl(,)1) gsetintryl+,1)
vb2(.j1) gsetintryl1+3+,1)
vrl(j1) qset(ntryé+.jl)
vr2{j1) qsetintrys+3+,1)
¢ 170
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0052 contir.ue

Check to see if any of the tactical 1
ranges cf the missiles have been
net. 4

P I W I I ra

call los{vhi,vrl,flos,xmag,phil)

call los(vrl,vbl,tlos,xmag,phi2)

call doti{vb2,flos,dprod,c,thetal)

call dot(vrd,flosydprod,c,ythetal)

rma» = 12000442000%sin(abs(theta2)/3.)

roin = 3000+12000%sin{abs(thetnd)/3.)

htmax = 6000+18000%sin(abs{thetal)/J)+qset(ntryé+3)/4, 1
htmin = 1000+5000%sin(abs(thetn2)/3.,)+5%(gqset{ntry6+3)/1000.)x%x2 }
if (1109Q01) 1
+ write(B,’(5x,'Missile Employment Ranges are: °*/10x,

+ "Radar Missiles: Ma:: Range:!: ',f%.2,° ft, Min Range! ',
+ £9.2))rmax,rmin

if (lleQOl)

+ write(8,’(10x,"'Heat Missiles! Max Ronge: °*,f9.2,° ft*,
+ " Min Range!: *,f9.2) )htmax,htmin

if (gset(ntry2+49).gt.2.3) then

if (IIOQQol)
+ write(8,’(9x,'Intercept Calculations! Ftr Blue 1, *,
+ "Tgt Red *,i2,", Intcpt in *,f7.2,"' seconds.,®)’)

+ 1icsytintcp

if (IIOEle)
+ write(8,’(5x,"Ftr Speed ",f7.2,"' fps, Tgt Speed ',f7.2,
+ ' fpss*))qsetintryl+7),qset(ntryé+7)

if (il.eq.l1)
+ write{8, (Sx,"Ftr pos: ",3{"X{*y211,"31",Ff11.2,2:0)0/9, " Vell °*,
+ 3(X(",311,")0%,F9.4,40))
+ (Jquiet(ntT‘YI"’.):’)yd2=113) ] (.JZyQSEt‘(ntTY1+3+.J2) '.J:’:ly:‘\)

if (il.eq.1)
+ write(8,’(Sx,"'Tgt pos?t *,3("X(*,11,") ", F11.2,2:0)/9y"Vell *,
+ 30X 11, ")y F9.4,4:0) ) i2,vr1(Lj2),.j2=1,3),

+ (JQ,VT‘Q(JZ);.)‘:'—'173)

if (il.eq.1) 4
+ write(8,/(Su,*Ftr LOS: 4 (3("X(",i1,"*)!*,f9.4,4:0))/
+ S5 'Int vec! "y (X(T,11,°)1%,€9.4,4%))7)
4+ (j2,f1058(,j2)4.j2=143),(j2yuvec(,j2),.j2=1,3) ]
- rtheta = atan{qeet(ntryl147)/(2,5%32.2)) 1
‘ if (abs{thetal).gt.abs(rtheta)) then v i
5 call turn(vb2,flos,2.5yntryl,dtnow,qset(ntryl+7)) 4
- else '
g do 10064 j1 = 1,3
- gsetintryl1+3+,1) = flos(.,jl)
[ 10064 continue )
p endif
‘ ntry3 = locat(11,3) 1
. 1f (gsetintry3+E).1e.,0) gset(niry2+9) = 2
’ return
endif

b

3

b .
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If range to target is within missile
range, seiect a weapon and launch,

if ((xmag.le.htmax).and.(xmag.ge.htmin)) then
if (il.eq.1)
+ write(8,/(5x,'Within IR Range, tgt must be within 20 °,
+ ‘deqgrees of nose."'/10:,"Target bears *,f5.1," deqgrees off’,
+ ' nose.") )thetalx37.3
if ((abs{thetal).lt..26178),and.(qset(ntry2+4).gt.0)) then
gset(ntry2+4) = qset(ntry2+4)-1
gset(ntry2+9) = 0
do 10048 ,j1 = 1,11
ithrt(il,jl1) = 0
thrt(il,.j1) = 999999

10068 continue

X
X
X

nthrt(il) = 0
Load the missile intoc the missile file.
do 10054 1= 1,3

a(jl) = gset{ntryl+,l)
a(j1+3) = gsetintryl+3+,jl)

10054 continue

a(7)
a({8) 43
a(9) 1Cs
a(10) = umag
call filem{(4,q)
write(8,’'(5x,"Flue *,i2," launched heatseeker ot Red °*,
1 i3,"y Range ",f10.2,%, Time! *,f3.2)’)il,ics,yxmag,tnow
Mx(12) = »xu(12) + 1
return
endif
rtheta = atan(gset(ntryl+7)/(35.0%32,2))
if (abs(thetal).gt.abs{rtheta)) then
call turn(vh2,flos,5.0yntryvl,dtnowsqsetintryl+7))
else
do 10070 4jt = 1,3
gset(ntry143+,j1) = flos(,jl)

gsetintry1+7)+1000

nH

10070 continue

% % I W

I} I I I

endif
return
endif

If unable to fire a heat missile but still outside
minimua range for a radar missle, select radar.

if ((xmag.ge.rmin).and.(xmag.le.rmax)) then
if (iloEQol)
writei!B,’(5x,'Target within rador range, must be with:n
'40 deqrees of nose,'/10:,"'Tgt bears *,f5.1," degreec ',
+ *off nose,')’)thetalXxS7.3
if ((thetal.1e.0.52I54).and.(ncetintry243).qt.0)) then
gset. (ntrv2+3) = gsetintry2+43)-1

+ +
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gset(ntry249) = 3

do 10058 41 = 1,3
a(jl) = gset(ntrylt,jl)
a(,j143) = gset(ntrylt+3+jl)

10038 continue
a(7) = gset(ntryl+47)/2.41000
ai(8) = 90
a{?) = ics

a(10) = »mag
ntry3 = locat(il,3)
do 10060 .j1 = 1,10
gset (ntry3+j1) = aljl)
10060 continue
write(8,/(5x, "Blue yi‘,' launched radar missile at ',

1 'Red 'yi31.y ROD‘)E yf].o'..' y Time! 'nyoZ)')ilinS,
2 »magytnow
(11) = »x(11) + 1
return
endif
endif

Once the intercept vector is calculated, turn
the fighter toward it.

if (il.eq.1)
+ write(8,’(Sx,*Intercept Calculations: Fir Rlue 1, °*,
+ *Tgt Red *y12,°, Intcpt in *,f7.2," seconds.®)’)
+ icsytintcp

if (il.eq.1)

+ write(8,’(5x,"Ftr Speed *,f7.2," fps, Tgt Speed *,yf7.2,
+ * fps.®)’)gsetintryl+7),gsetiniryét?)

if (1109Q01)

+ 3('X(.yily.) y¢9 4 4y:) )’ )(-JL,VT‘I(.)L vj2=113)'
+ (J2,vr20.j2),.j2=1,3)
if (il.eq.1)
+ write(B,/(Sx,*Ftr LOS: 'y (30°X{(*,i1,"°)1*,f9.4,4x))/
+ SxytInt vect *,3(°X(*,1i1,")0%,f9.4,4x))")
+ (j2,f1050.j2)y.j2=1,3),(j2uvec(,j2)yj2=1,3)
call dot(vecl,fvecydprod,c,theta)
gset(ntryl2+8) = -1
if (theta.gt.0) gset(ntry2+8) =1
rtheta = atan(gqset(ntry147)/(3.5%32,2))
if (rtheta.lt.abs(theta)) then
call turni{vecl,fvec,3.5,ntryl,dtnow,gsetintryi+7))
else
do 10152 ;1 = 1,3
gset{ntryl+43+j1) = fvec(.jl)
10152  continue
return

o +owrite(B, (S, "Ftr post *,3(7XC*,i1,%) 8%, f11,2,2:0/9x, Velt
b + J("X("yil,")1",f9.4,40)7)

':'. ' (.)2;q59t(ntry1+.j yJ‘—173),(J.’.yqset(ntryl+d+d2)yJ?'—'l’a)

o if (11.eq.1)

Q + write(8,’ (5, 'Tgt pos: p3COX("y31,") 0", f11,2,2%) /9%, Vel

I P I M I ¢ I I I W I I M I I I I IR I W W e
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subroutine cmpl10(il,n2,n3;n4)
The dummy variables represent the following:

¢ aircraft callsign
n2! mission code derivative
n3: wingman’s call sign
4:

n blue/red file pointer

I I I I I I I

common/scoml/atrib¢100),dd{100),dd1{(100),dtnow,iiymfa,mstopsnclnr,
incrdrynprint,nnrun,nnset,ntape,ss(100),ss1(100),tnext,tnow,»x(100)
coamon qset(15000)
common/ucomli/nsectr(é),ncap(3)ynbynr,ithrt(24,11),thrt(24,11),
tnthrt(24),vthrt(24),ivthrt(24),blue(3),redb(3,3),
+itrr(B0,11),thtrr(80,11),ntrr(80),vtrr(80),
+ivtirr(80)
coamon/ucom2/db(20)
logical db(20)
dimension flos(3),
1 t1os(3),vb1(3)yvb2(3)yvr1(3),vr2(3),a(10)
1f (db(310)) write(B, (35, "Capl110, Time *,f%.2) )tnow
11000 ntryl = locat(il,1)
ntry2 = locat(il,2)

Visual Attack Section.

1002 ics = ivthrt(il)

write(B, (Sx,"Blue ",1i2," in visual engagement with Red *,13,

+ * Time ',f9.2)’)il,ics,tnow

if (ics.eq.0) then
gset(ntry249) = 0
qset(ntry2+10) = 120
ivthrt(il) = 0
vthrt(il) = 999999
return

endif

ntryé locat(ics,4)

ntry?7 locat(ics,7)

if (gset(ntry?7+10).1%t.111) then
gset (ntry2+410) = 120
gseti(ntry2+9) =0
vthrt(il) = 999999
ivthrt(il) = 0
return

endif

do 11010 .j1 = 1,3

¢ I I I W

vb1(.jl) = qset(ntryl+,jl)
vh2(.j1) = gset(ntry1+3+,1)
vrl(,jl1) = gset(ntryd+,)l)
vr2(.jl) = qsetintryé+3+,1)

11010 continue
call losivbl,vrl,flos,xmag,phi)
call dot(vb2,flos,dprod,c,thetal)
cnll dot(vb2,vr2,dprod,c,ythetal)
1f (abs(thetal).qt.(90,/57.3).and,(»mag.1e.,3000 ) then




) T qset.(ntry249) = 0

{ gsetintry2+10) = 120

o vthrt(il) = 999999

X ivthrt(il) = 0

n write(8y (9%, "Blue *,i2,* disengaging from visual engage. with °*
< + *Red "yi3)‘)il,ics

R return
- endif

- X if (IIQGQOI) ¢
S X + write(B8,’(%»,°Blue 1 engaging Red *,i2,°', Range *,f11.2,
- X t * fty, Time *,f9.2)7)ics,»magytnow
X + write(8,/(9x,"Ftr Speed *,f7.2," fps, Tgt Speed *,f7.2,
X + " fps.")’)gset(ntryi+7),qset(ntry6+?)
X if (IIOQQOI)
X + write(8,’(Ix,"Fir pos? *»3(°X(",i1,°)8%,f11,2,2:0)/9:,"Velt *,
X + O F(X("i1,)2%,F9.4,4)) )
X + (Jj2,qset(ntryl+.j2),j2=1,3),{j2,qgsetintryi+34,2),.j2=1,3)
X if (il,eq.1)
X + write(8,/(5x,"Tgt pos?! *»3("X(",11,°)3",f11,2,2:)/9:,%Vel: *,
X 30X ,11,M)0%,F9.4,4:0)) /) (Lj2yvr1(,j2),,j2=1,3),
X + (J2,vr2€.j2),.j2=1,3)
X if (IIQQQOI)
X + write(8, (Sx,"Ftr LOS: *,3(°X(",3i1,"):"4f9.4,4x))")
X + (j2,f105(.j2),.i2=1,3)
rtheta = gtan{gset{ntry14+7)/(6.,0%32.2))
%
X  Turn hard toward the target and try
X to get a heat missile shot,
' X
if (gset(ntry2+4).qt.0) then
= call los{vyrl,vbl,tlos,xmagyphi2)
i call dot(vr2,tlos,dprod,c,thetal)
.- htmax = 6000+18000%sin(abs(theta2)/3.)+qset(ntrys+3d/4,
5 htain = 1000+5000%sin(abs(theta?)/3.)
X 1f (1109('!01)
X + write(8,’(10x,"'Heat Missiles!  Max Range! *,f9.2,° ft°*,

X + ° Min Range! *,f9.2)')htmax,htmin
if (xmag.lt.htmin) go to 11020
if (abs(thetal).1t.,0.17452) then
if ((xmag.lt.htmax).and.(xmag.gt.htmin)) then
do 11012 41 = 1,3
a(jl) = gset(ntryl+,jl)
a(.j1+3) = qset(ntryl+3+j3)

11012 continue
al7) = qsetintryl147)+41000
’ a(8) = tnow
- a(9) = ics
q a(10) = xmag

call filem(4,a)
write(B,y’ (5w, "Elue *,i2," visually launched heatceeker at *,

.
S + 'Red *»13y"y Rannge *»f10.2,", Time ",f2,2)")11,1cs,xmag,
- + thow
. #»i(12) = wx(12) ¢+ 1
B
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@' gset(ntry2+4) = qset(ntry2+4)-1
:‘ qset(ntry2+%9) = 0
= qset{ntry2+¢10) = 120
vthrt(il) = 999999
ivthrt(il) =0
do 11022 .j1 = 1,11
ithrt(il,.jt) = 0
. thrt(il,.j1) = 999999
. 11022 continue *
b nthrt{il) = 0
2= return
= endif
else
{‘ rtheta = atan(gset(ntry1+7)/(6.,0%32.2))
if (obs(rtheta).lt.abs(thetal)) then
call turn(vhb2,flos,4.0yntryl,dtnow,gset{ntryl+7))
else
do 11014 ,j1 = 1,3
- - gset(ntry143+.j1) = flos(,jl)
[4 11014 continue
endif
gset(ntry2+7) = xmag
return
= endif
y endif

*

g ¥ If close, try for a gun shot.
X
1

S 1020 if (qset(ntry245).gt.2.0) then
- if (abs(rtheta),lt.abs{thetal)) then
call turn({vb2,flos,é6.0yntryl,dtnow,qset(ntryl+?7))
else
do 11016 .j1 = 1,3
qset(ntry143+.j1) = flos(.jl)
11016 continue
endif
call dot(vr2,flos,dprodsc,thetal)
guns = 150042500%sin(abs(thetn2)/4,)
if ((rng.le.quns).and,(abs(thetal).1t.,.17452)) then
gset(ntry2+3) = gset(ntry2+¢5)-dtnow
gset(ntry2+9) = gqset(niry249)+dtnow
' if((qset(ntry249)-4).q9e.,2) then
q gset(ntry2+9) = 0
- conp = unfrm(0.,1.,9)
pk = Ji4sin{abs(theta2)/4.)
if (pk.ge.comp) then
ntry7 = locati{ics,?)
qset(ntry7+410) = 101
gset(ntry7+9: = il
gset(ntry7+48) = tnow
write(®, (S, Flue *y12,*, gun Kill on Red ",13,

8 T oy
et e e

R 0

2 o/ + *y Time: *,f8.2)’)11,1icsytnow
a yoi(10) = sox(10) + 1
¥ Wi(9) = uu(9) 4+ 1
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x%(4) = xx(4) + 1
gset(ntry2+10) = 120
qset(ntry2+9) = 0
ivthrt(il) = 0
vthrt(il) = 999999
return

endaf
write(8,’/(*Klue *yi2,", unsuccessful gun shot on Red *,

+ i3,y Time!d ",£8,2)7)il,ics,tnow
MX(P) = x(9) + 1
vihrt(il) = 999999
ivthrt(il) = 0
qset{ntry2+¢10) = 120
gset(ntry2+49) = 0

endif
gset(ntry247) = xmag
return
endif
endif

qset(ntry149) = 1000
if (rtheta.lt.thetal) then
call turn (vb2,flos,6.0yntrvi,dtnowsqset(ntryi+7))

else

do 11018 1 = 1,3
gset{ntryl+3+.j1) = flos(.j1)
continue

endif

gset(ntry2+7) = xmag

return
end

et b

Py
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